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OCEAN PUT IN TEST TUBE 


Tides and Waves Harnessed for Corrosion Data 
to Provide Better Materials for Industry... 


INCO goes down to the sea...to get 
the ocean's own verdict on metals 
and allovs. 

Here, at Kure Beach, the Atlantic 
has been made a giant test tube for 


THE INTERNATIONAL NICKEL COMPANY, INC. 


studying the corrosive attack of salt 
water and salt air. 

Many different tests are made on 
thousands of metal specimens. Each 
is carried out under natural condi- 
tions expected in service. 

The picture above shows the test- 
ing basin where metal panels are 
immersed in the ocean’s own brine. 
This type of test shows how well the 
metal resists corrosion, and also 
whether it retards the growth of 
barnacles and other marine life. 

In other tests, metals are exposed 
on racks to salt air and salt spray, 
or whirled through the water at high 
velocity. 

These and other tests often take 
months...sometimes years. But the 
object remains the same: To dis- 
cover which metal 0i alloy is best 


suited toa specific task. 


Just one of the many ways Inti 
national Nickel helps you and ot! 
manufacturers make exactl: 
right choice of materials to perfor! 
better, longer. 


Over the years, International N 
accumulated a fund of useful i: 
the properties, treatment, f: 
and performance of engineering a 
stainless steels, cast irons, brass 
nickel silver, cupro-nickel and ot! 
ontaining nickel. This informati 
for the asking. Write for “List A 
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Influence of the Engineer 


Engineers, as a professional group, are becoming more 
important as our economy becomes more technical. On 
page 81, Eugene W. O'Brien, past president of ASME, 
claims that more engineers are needed and more non-engi- 
neers rely on them for professional assistance and advice. 
Mr. O'Brien's article is a stimulating discussion of the 
growth and influence of the engineering profession. 


Cellulosic Plastics 


Part of the difficulty of assigning plastics their "proper" 
place in the engineering scheme of things stems from the 
fact that there are so many different types of plastics avail- 
able. On page 85, Marie Bentivoglio and Millard 
Demarest, Plastics Division, Celanese Corporation of 
America, attempt to clarify the picture by delineating the 
properties and applications of the cellulosic group of plas- 
tics. Advantages, limitations and design considerations 
give the engineer a good idea where this group of plastics 
can be used in product design. As an aid to the engineer, 
tables and curves showing physical, chemical and electrical 
properties are presented as a Reference Book Sheet on pages 
153 and 155. 


Wiring for Motor Driven Machines 


It is becoming increasingly apparent that engineers must 
specify more than motors for machines. An often over- 
looked "component" is the electrical wiring. To obtain 
efficient machine performance, trouble free operation and 
attractive appearance in motor driven machines, many 
power and control wiring details must be considered in the 
early stages of design. Beginning on page 113, the staff of 
PRODUCT ENGINEERING presents a special 16-page report 
that lists device markings and drafting symbols. Other 
topics discussed include wiring diagrams, factors that de- 
termine the proper size of conductor and the number of 
conductors permitted in a conduit. 


Shop-Run Tolerances—I 


Incomplete tolerance specifications can lead to manufac- 
turing troubles. An otherwise satisfactory design can 
prove to be impractical and uneconomical by overlooking 
such things as eccentricity, squareness, and fractional 


PATENTS AND THE ENGINEER, by H. A. Toulmin, Jr. A 
nationally-known patent authority summarizes what every 
engineer—employed by a large or small company, or 
self-employed—should know about patents. First of a 
two-part series, patent procedure and protection are dis- 
cussed. Methods of keeping valid records, making mod- 
els, and other vital steps in assuring protection of in- 
vention, are described in detail. 


DESIGN POSSIBILITIES OF CURIE TEMPERATURE ALLOYS, 
by John Shaw. Temperature sensitive alloys offer many 
desirable properties that have not been widely utilized 
by design engineers. Curie temperature data are given 
for many alloys, along with applications. 


SERVICE TESTING IMPROVES CONSUMER PRODUCTS, by 
M. A. Blu, Sears, Roebuck and Company. Ordinary 
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dimensions. On page 142, Mr. L. M. Nielsen of the 
General Electric Company, in the first of a series of two 
articles, suggests that a standard of shop-run tolerances be 
established by a committee of representatives of the engi. 
neering and manufacturing departments. 









A Master Control System 






One problem in design projects involving the installa. 
tion of numerous items of equipment in a limited space is 
to coordinate design to avoid interferences and inaccessi. 
bility. On page 109, John Savage, Supervisor of Master 
Control, The Glenn L. Martin Company, discusses a time 
tested system in use at this company, which solves these 
problems. 











Reinforced Plastic Joints 





A popular misconception concerning plastics is that they 
can be machined and joined exactly like conventional mate 
rials. On page 104, Richard J. Francis, consulting engineer, 
shows that when reinforced plastics are joined, many new 
problems are introduced. Right and wrong methods of 
assembly are described in a group of informative sketches 
First in a series of two. 













Photoelastic Study of Fillets 





Stress concentrations in blending curves are often critical 
These curves usually are circular arcs, simply because the 
draftsman uses a compass. It is reasonable to expect that 
other curves might be more effective. On page 138, 
Everett Chapman, consulting engineer, shows how to use 
photoelastic analysis as a simple, fruitful way of studying 
the stress relieving effectiveness of various curves. Model 
making technique and the use of a new photoelastic polari- 
scope are described. 











Evaluating Finishes for Instruments 






Finishes for industrial instruments are often neglected 
by designers. This has probably been caused by lack o! 
evaluation information. On page 134, A. H. Keyser, the 
Brown Instrument Company, presents results of tests t 
meet gloss, adhesion, abrasion resistance, impermeability 
hardness, and other standards for the ideal industrial in 
strument finish. 













engineering tests do not always include consumer good 
standards or evaluate consumer acceptance. This artic 
describes the Sears Merchandise Laboratories’ test Op: 
erations and offers some design objectives. 







PROPERTIES OF 61S ALUMINUM ALLOY SHEET, by J. ] 
Warga. Mechanical properties are given for sheet bot! 
without and with heat-treatment, and in work-hardent: 
conditions. Weldability and formability of the allo 
sheet are discussed. 








RESISTANCE OF SLIDING ELECTRICAL CONTACTS FO! 
TRANSMITTING Low Power, by Messrs. Dutee, Phillip’ 
and Kemp, Aircraft Engine Research Laboratory, M: 
tional Advisory Committee for Aeronautics. Compa! 

son of 24 combinations of slip rings and brushes 5 

presented and design characteristics discussed. 
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STANDING ON A SEASHORE during a gale, a man 
is gathering all the facts relating to the storm. 
To keep his footing, he leans against the wind, 
the salty spray wetting his face. He sees huge 
waves and hears them breaking on the shore. 
Perhaps he notices the sand and pebbles carried 
oceanward by the backwash. Making his inves- 
tigation scientifically, he has meters that meas- 
ure the decibels of noise created by the pound- 
ing waves and the roaring wind; anemometers 
to measure wind velocity, and numerous other 
instruments. By the time the storm is over the 
man knows all the facts about the storm. He has 
seen, felt or heard them and even recorded data 
on the subject. Perhaps he will write a book or 
a magazine article and give a few lectures about 
the behavior of storms. He will be called an 
authority on storms. 

Far out at sea, during the same storm, the 
crew in a small boat is battling the elements. 
From the crest of a huge wave the puny craft 
is pitched to the bottom of the trough and there 
buried in the water. With decks awash, the 
boat is lifted slowly to the crest of the next 
onrushing wave. The rough waters smack the 
lurching craft with blows that “shiver its tim- 
bers.” Amidst the din of rattling and creaking, 
the roaring and whistling wind sounds like the 
shriek of death. 

Aboard the little vessel the crew has no time 
or thought for scientific data. They must battle 
the storm for their very lives. One false move 
or a momentary lapse in vigilance might spell 
their doom. To fight the storm, they observe 
every shift of the wind, every change in its 
velocity, the size and direction of the waves, 
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rifts in the clouds, changes in temperature and 
the rise or fall of the barometer. They too know 
the facts about the storm. They have the ex- 
perience. No observer standing safely on the 
shore ever will know the storm in all its fright- 
ful power as well as those who fought and 
conquered it. 

Life is short and the art is long. Time is of 
the essence. In the pressure of crowding the 
maximum into the short span of a lifetime, 
experience too often is sidestepped in order to 
advance faster momentarily. But knowledge not 
supported by experience is a weak tool. Too 
often its possessor is deluded into a false sense 
of power and ability. Young engineers who wel- 
come opportunities for sound experience usually 
gain more in the end. i 

Exactly thë same philosophy applies to the 
engineering procedure in the selection of new 
materials, devices, or processes. All the known 
facts relating to the physical properties and 
workability of a proposed new material might 
be tabulated, studied and analyzed, but not until 
the experience of working with that material 
has been gained, can the engineering depart- 
ment safely specify it. Not until new materials 
have been put to service test in the finished 
product, can they be accepted with assurance. 

The old adage, “experience is the best 
teacher” has many ramifications and implica- 
tions not commonly associated with it. 
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LATEST addition to the famous Morse line of 
Mechanical Power Transmission Products are 
these new Rockford Compact Small-Diameter 
Over-Center Clutches. 


Using the same over-center principle as heavy- 
duty tractor and hoisting clutches many times 
their size, these compact clutches can be adapted 


NEW LINE OF 


j MORSE-ROCKFORD CLUTCHES 


NOW AVAILABLE! 


and plates adapt the basic clutch to sleeve type 
and cut-off applications. 


Rockford toggle-type, over-center clutches 
have been used successfully in a wide variety of 
operations. Examples of applications are air com- 
pressors, dusting machines, feed grinders, pack- 
aging machinery and spraying equipment. 

For list of other proved applications and com- 
plete technical data, send today for Morse Chain 
Catalog SDOC. Address Morse-Rockford Sales 
Division, Morse Chain Company. Dept. 157, 7601 






















to a great number of applications. Driving cups Central Ave., Detroit 8, Michigan. 















Rockford LMS Clutches 
(for plate sprocket 
drives) 








Rockford LMT Clutches 
(for thru-shaft drives) 
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Rockford LMV Clutches 
(for “V” belt pulley 


— Rockford LMC Clutches 
(for cut-off drives) 
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NE-THIRD of all professional engineers are in technical administration and management. And more competent men are needed. 


The Growth and Influence 


jtches 
jes) 
Of the Engineering Profession 
ngineers are increasing in numbers and influence. Our ever ial and where it must head to avoid 
i i i stepping into an open manhole. 

xpanding economy calls for more technical assistance to non- So we can emulate Washington 

EL A — Irving and call the first piece of in 

echnical men in industry and government and a scientific ap- ventory a short history of engineering 

wach on the part of engineers training for new positions. from the beginning of creation until 

now. This formidable title need not 

alarm anyone. The first million years 

Clutches EUGENE W. O’BRIEN through heavy traffic. Whatever this can be covered quickly by saying that 

s) — fine new feeling, it is justified. there were only three engineers; the 

M icn Soois of Mahila Naglasen Engineers collectively are more nu- fellow who invented the club, the one 


merous and more directly influence 
OMETHING IS HAPPENING to the en- our economic, social and political life 

necting profession. There's a spark than ever. 
‘ts eye and a spring in its step "Oh yeah?", says a man in row E 
dom seen in its younger days. Some in the second balcony. Well, “Oh 
n almost detect an attitude which yeah” must be answered and probably 
j r Ts head man 'round heah." the best way to do it is to put the 
ybe the profession is feeling its answer in the form of an inventory 
s like a young colt turned loose of the engineering stock in trade. To 


2g paddock or maybe it's a feeling answer our heckler we must say 
aa man gets when he finally is something about the growth of the 
‘the open road after sweating profession, how and why it is influen- 
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who invented clothes and the one 
who must have known enough about 
molecular friction to invent fire. 
However, three engineers don’t make 
an engineering society, and it is 
doubtful if they ever attended an 
Honors Night, or had their names 
emblazoned on the walls of caves. 

Getting into recorded history, we 
know that the Egyptian engineer, as 
early as 3,000 B. C., knew how to 
refine metals, draw wire, cast, chase 
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From the report “The Engineering Profession in Transition” prepared by the Engineers Joint Council. 


| 
| 


Occupational Status 


Administration-management, technical 
Design....... 

Development. . 

Research, applied 

Construction, supervision 

Teaching, college or university 
Consulting, as employee of private firm 
Sales. . 

Administration-management, nontechnical. 
Consulting, independent 

Operation. . 

Analysis and testing 

Production. 

Any occupational status not specified 
Maintenance. .. 

Drafting... .. 

Estimating. . . 

Inspection... .. 

Editing and writing 

Installation . . . 

Research in basic science. . 

Puts... cans 

Safety engineering 

Student....... 

Unemployed. ... 

Personnel-labor problems 

Teaching, other. . 

Retired.. 


Library and information service 


* Less than .05 percent. 


and engrave them. He also had in- 
vented production equipment like 
lathes and potters wheels. He knew 
drafting, was a good architect, astron- 
omer and mathematician. But he 
apparently stalled on dead center, like 
his contemporary professional broth- 
ers in China, Maya and other places. 
The Adam of present day engineers 
didn’t appear until the battle of 
Crécy when he introduced gunpowder 
and cannons, complicating battles and 
incidentally blasting the medieval so- 
cial order into oblivion. This was ‘a 
start. Centuries of slow progress fol- 
lowed while men of science began to 
accumulate a fund of basic knowledge. 
Faraday in electricity, Carnot in ther- 
modynamics, Newton and Kelvin in 
Physics, Mendelyeev in chemistry, laid 
the foundation on which Edison, 
Watt, Otto, Diesel, Curtiss, McCor- 
mack, Singer, Fulton, Bell, and many 
others developed the machinery of 
modern civilization. 


82 





Status and Educational Level in 1946 


Percentage Distribution of Private and Public Employees in the Engineering Profession by Occupational 



















































































































Private and Public Employees by Educational Level | 
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fit. 
We can’t deny that explorers, edu- ing profession increases as it has, by in 
cators, merchants, artisans and others 1960 the ratio will be 1:400. Infor 
helped but can say categorically that numbers, there are about 335,000 en- M co, 
if it were not for the knowledge and gineers today, and there will be 400, li on 
know how of scientists and engineers, 000 engineers in 1960. This is a$ was 
you and I would be still setting out big crowd in any country. dori 
for work in the morning lugging a Not only have engineers multiplied i pro 
wood plough share instead of a neat but they have fanned out and there $ was 
briefcase and the morning paper. is no industry or business to which M me 
So, from humble beginnings the the engineer does not contribute in $ mag 
engineering profession grew steadily one way or another. The lineal de f Th; 
and not too spectacularly until the  scendents of the first civil enginett lf Eno 
nineteenth century, when engineers now include mining, mechanical, ele § kno 
put coal to work and devised the tools trical, chemical and a large numbe fais 
that made possible the great indus- of highly specialized types of eng § duce 
trial revolution which started in Eng- neers. These work in many indus fit y 
land and spread to Continental Europe tries based on technological processes, § was 
and the United States. The new in- or using the products of these proc B tent) 
dustrial age reciprocated by spawn- esses. This takes in directly all type ff Ren. 
ing thousands of new engineers. Both of manufacture, construction, mining engi 
the chickens and the eggs multiplied, and power production, and indirect B rece; 
until now, one out of every 430 any other business or industry it SÈ T] 
people, in the United States at least, possible to recollect. The 1948 far- tinue 
is an acknowledged engineer. And mer would go out of business bt! foun 
if the rate of growth of the engineer- for the technical help he getsfhe y 
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Mechanical engineers design and build 
his machinery ; power engineers supply 
him with fuel oil, gas and electricity ; 
chemists give him better fertilizers 
and insecticides; agronomists advise 
him on getting the most out of his 
soil, and meteorologists help him with 
his planting and harvesting schedule. 
If it were not for engineers, Warner 
Brothers might be producing old- 
fashioned melodramas for a select 
few instead of entertainment for mil- 
lions, and Western Union might well 
be delivering messages by pony ex- 
press. 

The engineer has done much to 
develop what economists like to call 
“this industrial complex.” 


THE INFLUENCE OF ENGINEERING 


But all this does little to convince 
our heckler, who wasn’t at all im- 
pressed by our statement that engineers 
are more important than before. Just 
saying that there are more and differ- 
ent kinds of engineers now than there 
were doesn’t impress him. Mere num- 
bers do not indicate any shift in the 
social or economic status of the engi- 
neering profession. But there is abun- 
dant other evidence to show that the 
engineering body is steadily growing 
in stature. 

By looking back a bit, we can bet- 
ter understand what is happening. 
During the early part of the last cen- 
tury, the fund of engineering knowl- 
edge was small, and readily used by 
anyone with an ordinary appreciation 
for things mechanical. This was the 
heyday of the captains of industry 
who through their native intelligence, 
drive and guts were able to use both 
engineers and their work as they saw 
ht. Having started a new business 
in textile manufacturing, railroading 
or power production, they found they 
could do all right if they concentrated 
on production and sales—the country 
was "their oyster." No matter how 
primitive their early machinery for 
production may appear to us now, it 
was vastly better than the man power 
methods used before. These pioneers 
made money and were "top dogs." 
This situation was bound to change. 
Engineers were slowly accumulating 
knowledge and using it to make ex- 
existing. processes obsolete or to intro- 
duce entirely new processes. Even so, 
t was some time before engineering 
Was recognized as an important po- 
tential force. Not until 1824, when 
Rensselaer University established an 
engineering curriculum, could a man 
receive a formal technical education. 
_The impact of new industries con- 
tinued. The old-fashioned promoter 
found himself in deep water when 
* ventured into electrical and chem- 
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ical businesses. These required the 
services of men well grounded in basic 
knowledge of the technology on which 
these businesses were dependent. 

Yet even up to this point the gen- 
eral public was not fully aware of 
the dominating part being played by 
technical progress. The developments 
as they came along, were simply ac- 
cepted. The telephone was recog- 
nized as a great convenience; the 
automobile was merely a carriage with 
an engine in it; even the airplane was 
accepted publicly as a special kind of 
kite. Little thought was given to the 
possible impact of technical develop- 
ments upon social problems. But the 
depression of the thirties forced the 
attention of everyone upon the tre- 
mendous effects of scientific and tech- 
nological progress on the well-being 
of society. Scientists and engineers 
were blasted. Howard Scott of Tech- 
nocracy fame blamed all the faults on 
technological progress. Laws were 
invoked to forbid further use of me- 
chanical mining machinery. Industrial 
companies were upbraided and held 
to scorn, ridicule and condemnation 
for the installation of labor saving 
machinery. Politicians made votes by 
damning scientists and technology. 
Then came the war. 

Out of the horror of the war came 
two great realizations shared by all 
laymen, politicians, and scientists. One 
was that the fighting power of the 
nation is vested almost entirely in 
its technical know-how, scientific man 
power and industrial capacity. Sec- 
ond, it became accepted politically 
and industrially that the social and 
economic problems created by science 
and technology cannot be solved satis- 
factorily without the aid of scientists 
and engineers. All the obsolete con- 
cepts, still clinging tenaciously to the 
thinking of too many, that scientists 
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The number of professionally employed 
engineers has grown steadily and rapidly. 


and engineers were not, by the very 
nature of their training, qualified to 
pass judgment on problems political, 
social or economic disappeared in the 
dust of Hiroshima. 

Engineers have come a long way 
and it may be well to examine just 
where they stand today in industry 
and government. 


THE ENGINEER IN ÍNDUSTRY 


Industry probably alternately curses 
and blesses the engineer. He may 
often lack the dynamic qualities of 
leadership and organizing ability that 
others have, but he occupies a key 
position. He is the mainspring of 
competition. But he is also responsi- 
ble for the growing obsolence of cap- 
ital equipment. He acts as an eco- 
nomic agent in reducing fixed charges 
on production, the “dead hand” of 
investment and ownership that can 
get very heavy. 

In this dual capacity he is needed 
for research, production and adminis- 
tration—first to develop new processes 
and products, second to speed labora- 
tory developments into production 
realities, third to maintain or improve 
the economic position of the company 
by recognizing the meaning of new 
technological advances and using 
them to improve company operations. 
Industry now knows that scientific 
background is a prime requisite in 
maintaining its competitive position. 
It has seen brains replace brawn and 
puts a premium on intelligence and 
technical knowledge. 

As a direct result, the trend in all 
businesses is towards more scientific 
operation, with management person- 
nel drawn from within the company 
rather than from some outside source. 
So, engineers are naturally drafted 
for administrative jobs. A recent sur- 
vey made by the Engineers Joint 
Council showed thirty percent of all 
engineers are in technical adminis- 
tration or management. Less than 
ten years ago this percentage was 
a bare twenty-two. These adminis- 
trative jobs do not stop at an under- 
ling level but go right to the top. 
Recently Forbes Magazine gave a ban- 
quet on its thirtieth anniversary and 
invited fifty of America’s business 
leaders, well known in fields of fr 
nance, transportation, manufacturing, 
commerce and others. It is not hap- 
penstance that of these, 16 men or 
32 percent, had formal scientific or 
technical background, and 8 men, or 
16 per cent, had risen through the 
production or engineering depart- 
ments of their companies. Men like 
Benjamin Fairless of U. S. Steel Corp., 
Millard Dow of Dow Chemical Co., 
Donald Douglas of Douglas Aircraft 
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Co., Eugene Holman of Standard Oil 
Co., (N. J.), David Sarnoff of R.C.A. 
ind C. E. Wilson of General Motors 
Corp. used their formal technical 
training and experience to good ad 
vantage. Men like Henry J. Kaiser 
of Kaitser-Fraser, K. T. Keller ot 
Chrysler Motors, James Rand of 
Remington Rand, C. E. Wilson of 
General Electric Co., and Charles R. 
Hook of the American Rolling Mill 
Co. came up the hard way, getting 
their engineering education by work- 
ing in shops and engineering offices. 

What better proof can be offered 
to show that industry offers rewards 
for competent engineers? 

With technical personnel in top po- 
sitions, it is only natural that com- 
panies are becoming more fully aware 
of the value of research and produc- 
tion engineering. Executive inertia 
has decreased, thereby speeding up 
these allied engineering activities. The 
volume of industrial research is now 
six times greater than before the war. 


THE ENGINEER IN GOVERNMENT 


In government, the growing im- 
portance of technical and scientific 
men is evident. Here the accent is 
on the interpretation of the meaning 
of technology to society and the search 
for basic scientific knowledge. A 
new partnership is developing be- 
tween government and industry; with 
government engaged in research in 
the basic sciences and social sciences 
and industry taking care of applied 
science. 

At this point we may point out an 
interesting parallel. Just as the old- 
fashioned captain of industry is fad- 
ing, so is the old line politician with 
the fat cigar, paunch and derby. The 
new politician is more a social scien- 
tit who relies on the technical 
scientist for facts for his own guid- 
ance. In a recent report to President 
Truman by the President's Scientific 
Research Board, the importance of the 
scientist and the technical man is 
highlighted. The report points out 
that for national security, material 
well-being and adequate control, gov- 
ernment must turn more and more 
to the scientist and the engineer. 

In line with this trend is the plan 
for establishing a National Science 
Foundation to define the scientific 
effort of the government and give it 
direction. The director of the Founda- 
tion would set up a program for all 
government scientific effort and would 
coordinate all work done through a 
committee made up of the directors 
of all existing Federal Research Es. 
tablishments. This man would report 
directly to the president. Nowhere 
is the impact of science and technology 
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on the life of the nation demonstrated 
more forcefully than in this proposed 
creation of a new government agency. 
For the first time, government ofh- 
cially recognizes the importance of 
science to all phases of our economy 
and openly admits its inability to 
govern without adequate technical 
advice. 

Even our State Department, in- 
habited by career diplomats, recog- 
nizes that there is such a thing as an 
engineer. The American Mission to 
Greece has an engineering section. 
And on a larger scale, carrying out of 
the Marshall Plan, now officially listed 
as ERP, will be an engineering opera- 
tion, to a marked degree. ‘Technical 
know-how will be needed to rebuild 
the agricultural, power, and industrial 
capacity of Europe. 

Also government recognizes no 
ceiling on jobs calling for technical 
men. As in industry, there is plenty 
of room for administrators, produc- 
tion engineers and research engineers. 
In selecting administrators for tech- 
nical agencies, government prefers 
technical men with administrative 
ability, or if these are not available, 
good administrators without technical 
background surrounded by experi- 
enced administrative staff advisors. 

Reliance on science and technology 
is not unique to the United States. 
In Russia, a recognized competitor of 
ours, the 1947 budget for scientific 
effort was 1.2 billion dollars. The 
great push to turn out scientists and 
engineers is on; 140,000 men are 
being turned out every year, and in a 
short time, Russia may very well chal- 
lenge us for technical superiority. 

So much for the technical man in 
government and industry. 


THE ROAD AHEAD 


However it would not be wise to 
stop the discussion at this point. Hav- 
ing built up the engineering profes- 
sion by pointing with pride, we must 
also do some pointing with alarm. 
By actively participating in industry 
and government, the profession is 
taking on added and more serious 
responsibilities. The old saying "the 
bigger they are the harder they fall" 
is very apt. Roadmarkers are needed 
to guide the profession and help it 
live up to its present reputation. 

First, it is almost axiomatic that 
the fund of knowledge held by a pro- 
fession determines its standing in so- 
ciety. By increasing this fund, 
engineering will automatically gain 
stature. 

More effort must be spent on basic 
scientific research. In the United 
States, we have been masters of ap- 
plied science but have allowed Europe 








to lead in basic science. About this 
Dr. Karl T. Compton of M.LT. says: 
"In the field of nuclear science and 
atomic power, and, say a dozen of the 
fundamental ideas, some nine or ten 
have come from Europe, including the 
original discoveries of radio-activity, 
or artificial transformation of chem- 
ical elements and of nuclear fission.” 
He credits Americans with the ability 
to develop European ideas into useful 
application, engineered in superior 
manner for production and use—a 
fact proved beyond doubt during the 
war. . 

We are now trying to make up for 
lost time by improving our tools for 
developing basic scientific knowledge. 
The biggest handicap is lack of man. 
power with advanced technical train- 
ing. These men are needed if we are 
to add to our fund of knowledge. 
Some progress in this direction has 
been made. New men entering the 
profession are better equipped to cope 
with the more complex problems that 
are appearing. In 1934 only 6 per. 
cent of the profession had advanced 
degrees. In 1946 over 19 percent 
were in this group. Also in 1934, 
22 percent of all engineers had no 
college training or incomplete train- 
ing. Now only 17 percent are battling 
this handicap. 

Second, because engineers are pro- 
fessionally coming more and more 
into contact with others seeking their 
advice or help, they must become 
more articulate. Clarity of expression 
whether in speaking or writing is an 
essential if engineers are to represent 
technical groups and speak for them 
at high administrative and_ policy 
levels. Actually this power of articu- 
lation is important at any level. 

Third, because all scientific or tech- 
nical developments have social and 
economic effects, engineers, like oth- 
ers, do themselves no harm by taking 
an interest in these related subjects 
However, the main point to remem: 
ber here is that engineers are impor 
tant as engineers only, not as politi 
cians, sociologists or economists 
Hence, there is no reason why they 
should know more about these sub 
jects than the butcher, or the baker, 
or the candlestick maker. The re 
sponsibility for intelligent political 
action is a common one and cannot 
be loaded on the shoulders of any 
one group. 

To conclude: Everything points to 
more and better opportunities for em 
gineers in the coming years. Realiz 
ing this, wide-awake engineers wil 
try to raise themselves above the evef 
rising level of their profession. Anc 
they will find that the grass !s Jus 
as green in their field as in any other 
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PRESSURE-TIGHT grommets molded of flame resistant cellulose acetate, developed for aircraft and ship partitions, can be adapted 
to automobile and to radio service. In comparison tests, using a steel cable, these blind grommets withstood abrasion better than 


lead grommets, and caused no damage to the cable as did grommets made of steel. 


They have high resistance to heat and humidity. 


Cellulosic Plastics 


The engineer can choose from a wide range of properties 


MARIE BENTIVOGLIO and MILLARD DEMAREST 


Head of Data Division 
Plastics Division, 


CELLULOSIC PLASTICS are one of the 
most versatile families of resins. They 
can be produced as a great variety of 
molded articles, sheets, rods, tubes, 
laminates, films and lacquers. Prod 
ucts made from cellulosic plastics vary 
from extremely rigid to flexible, and 
from hard to soft. However, all are 
tough, have unlimited colorability, and 
are casily molded or fabricated to 
finished form. However versatile and 
useful a group of plastics may be, it 
should he remembered that the ideal 
plastic, like the ideal metal, has not 
been found. Each material should 
therefore be applied in accordance 
With its merits and limitations 

Cellulose, the basic raw material 
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Celanese 


Director, Technical Service Dept 


Corporation of America 


from which all cellulosic plastics are 
made, is obtained commercially from 
cotton linters and woodpulp. To pro- 
duce the desired cellulosic plastic, 
cellulose is treated with the appropriate 
acid and/or other reagents. For in- 
stance, cellulose acetate is made by 
treating cellulose with acetic acid. A 
flake is produced, which is then mixed 
with plasticizers and coloring matter, 
and the resulting product is a thermo 
plastic material—one that does not 
set" chemically when molded, and 
can be ground up and remolded al 
most indefinitely. Since cellulosics are 
thermoplastic they are usually molded 
by iajection. and. extrusion. 


‘There are five cellulosic plastics 


which are most commonly used in in- 
dustry: Cellulose nitrate, cellulose ace- 
tate, cellulose acetate butyrate, cellulose 
propionate and ethyl cellulose. Each 
material has its own characteristics. 


Five Cellulosics 


CELLULOSE NITRATE. This is the only 
member of the group that cannot be 
injection molded and dry extruded. 
Sold to fabricators in the form of 
sheets, rods, tubes and films, they are 
easy to cut, machine and polish. Stand 
ard forms can be formied into compl: 
cated shapes at moderate temperatures 
and pressures. 

Finished products are dimensionally 
stable, tough, water resistant, trans 
parent and flexible. They have an al 
limitless color range, and ate 
available in mottled effects and geo 
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ETHYL CELLULOSE was selected for the frame of the freeze chest compartment of 
the new Westinghouse refrigerator because of its toughness and dimensional stability 
at low temperatures. This frame is held in place by non-visible rivets on the inside 


and on the base piece, and the visible part of the frame 


which is not fastened to the 





refrigerator—must retain shape and not warp. Also, to overcome assembly difficulties, 
a material of high impact strength and excellent dimensional stability was required. 





metric color designs. Chief disad 
vantages are high flammability and 
poor resistance to sunlight and con 
tinuous outdoor weathering. Typical 
applications include: Fountain pen 
barrels, tool and cutlery handles, spec 
tacle frames and photographic film 

CELLU ACETATI This is the 
workhorse” oí thc 


LOSI 


thermoplast ICS, 


SO 





Tennessee Eastman Corporation 
CELLULOSE ACETATE BUTYRATE is injection molded directly over a fabricated 
steel insert to make this 22-inch steering wheel for buses and trucks. The metal pro- 
vides the necessary strength, and the plastic makes a chipproof, pleasant-to-touch 
surface, and an appearance in keeping with the newly designed interiors of the buses. 


because of its versatility and because 
its excellent molding characteristics 
permit rapid production. It has high 
impact strength, fair water resistance 
and a limitless color range. Molded 
parts and standard shapes can be 
punched, stamped, drilled and sawed, 
and are easily assembled by riveting, 
crimping of metal beadings and ce 
menting. Typical uses vary from pack- 








aging materials to automobile hard 
ware. 

"High acetyl" cellulose acetate, con 
taining 56 percent or more of chem 
ically combined acetic acid, is mor: 
dimensionally stable and water-resist 
ant than "normal" cellulose acetate 
especially in the harder formulations 
An interesting product molded oí 
high acetyl acetate is a core for | 
mm and 35 mm motion picture film 
Metal was ruled out because of w eight 
and lack of corrosion resistance. Othe; 
plastic materials considered were not 
satisfactory because of the high sur 
face hardness «nd close dimensiona 
tolerances required. 















CELLULOSE  ACETATI BUTYRATI 
This is similar in many respects t 
cellulose acetate, and can be injection 
molded or extruded. It absorbs less 
moisture than cellulose acetate, but 
does not have the surface hardness 
of acetate, for an equal flow rating 
However, less plasticizer is required 
to achieve the same flow rating. Be 
cause of the low plasticizer content 
moldings have an excellent finish, and 
do not require buffing. Small amounts 
and low volatility of plasticizer en 
able molding compounds to show little 
loss in weight over long periods of 
time, with good dimensional stability 
Applications include such products à 
automobile steering wheels, and elec 
tric clock housings. 


















CELLULOSE PROPIONATE. Newest oí 
the cellulosics, cellulose propionate: 
chief properties are high — impac 
strength and good dimensional stabil 
ity. Excellent surface finish after mold 
ing usually makes a finishing operation 
unnecessary. It also has a shorter mold 
ing cycle than other cellulosics, enabl 
ing faster production. 

Price is somewhat higher than othe: 
cellulosics. However, cellulose pro 
pionate is suitable for an extremely 
wide range of molded products. Be 
cause of its excellent molding qua! 
ties in hard flows, which have th 
requisite stiffness and dimensioni 
stability, cellulose propionate 1s the 
only material which is injection molde 
to make prescription spectacle frame 
to compete with standard frames m 
chined from cellulose nitrate. Ther 
has recently been placed on the 
market a cellulose-acetate-propionat 
molding material. 




















ETHYL CELLULOSE. This material © 
chemically different from the othe! 
cellulosics. Most cellulosics—acetate 
butyrate, nitrate, propionate—are clas 
sified as "esters," the result of a chem 
ical reaction between cellulose and 4 
acid. Ethyl cellulose is an ether 
obtained by treating cellulose 
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caustic soda and ethyl chloride. It 
has exceptional toughness, even at low 
temperatures, excellent dimensional 
stability, good electrical properties 
and resistance to alkalis, weak acids 
and moisture. Typical uses are flash- 
light cases, toilet seats, instrument 
anel assemblies, vacuum cleaner and 
electrical parts. 


Properties and Applications 


Cellulosic molding compounds, un- 
like most other plastics, Y not con- 
tain fillers. For each flake type there 
are numerous suitable plasticizers, 
which can be added in widely varying 
amounts. Thus, there is a large num- 
ber of formulations of cellulosic plas- 
tics available. 


FLow TEMPERATURE. Formulas pre- 
pared with only a relatively small 
amount of plasticizer are considered 
hard;" those made with a large pro- 
ortion are "soft." Flor temperature, 
i method of designating glasticity or 
flow of molding compounds, is defined 
as the temperature at which the heated 
molding material flows a distance of 
l in. through a 3 in. diameter flow 
channel, under a pressure of 1500 psi, 
in two minutes (ASTM test method 
D569-44T). 

Based on this test, a flow scale has 
been established (ASTM D863-45T). 
Medium (M) flow is defined as 
293 +9 F (145 +5 C) and all other 
flows extend from the temperature 
in intervals of 9 F (5 C), to hard 
and soft as the temperature raised or 
lowered respectively: 


Flow 


Flow Temper ature 
Designation 


Deg. F Deg. C 








For each 9 F. (5C.) high, add 1 
| flow (that IS, Hs, H, H.. etc 


H, | 320+9 1604-5 
H | 31149 1555 
MH 302 4-9 150 4-5 
M | 293+9 145-45 
MS | 2844-9 1402-5 
S | 27549 13545 
S | 266+9 1304-5 
" for each 9 F. (5 C.) lower, add 1 


flow (that is, Ss. Sy. Ss. ete. 


Á 
I 


— — — — — — — 


Physical properties of any series of 
compositions containing the same flake 
and plasticizer vary with the amount 
of the latter, and, therefore, they vary 
with the range of flows from soft to 
hard. Among the properties varying 
With fiow temperature are impact, 
tensile and flexural strengths; elonga- 


tion, resistance to distortion under 
heat and 


scratch 


or load, surface hardness and 
From the chart on 


esistance. 
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TONE ARM of the new Westinghouse phonograph is injection molded of cellulose 


propionate in one piece. 


In addition to improving reproduction, the plastic tone arm 
cuts down wear and tear on phonograph records because of its light weight. 


It also 


acts as a protective covering for the delicate electrical mechanism. The dimensional 


stability of this material prevents the mechanism from getting out of line. 
trical parts are separated by wall sections which can be molded thin. 


The elec- 
Because cellu- 


lose propionate is a non-conductor of sound, it does not pick up vibrations or noise. 































































FILM CORE of high acetyl cellulose acetate (right), weighing 27.0 grams, replaced 


a metal film core that weighed 81.5 grams. 


motion-picture film in 16 mm, 
have exceptional dimensional stability, 


page 155 it will be seen that hard 
compositions have high tensile and 
flexural strength and rigidity; soft 
flowing materials have high impact 
strength and elongation. The hard 
formulas are also more form retentive, 
or dimensionally stable. 


The designer must keep in mind 
the st use of a product, when 
considering the formulation require- 








Designed to hold up to 2,000 ft. of 


32mm and 35mm sizes, these injection-molded cores 
and rigidity. 


Also, they do not fog the film. 


ment. For screw driver handles, a 
material of high impact strength is 
needed—a relatively soft formula is 
indicated. Conversely, coil spools for 
the electrical industry require high 


tensile strength, resistance to both cold 
flow and high temperature, and form 
retentive properties—a relatively hard 
formula is 
optimum 


indicated. 
balance in 


However, an 
properties is 
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EXCELLENT ELECTRICAL PROPERTIES of cellulose acetate films and foils are utilized in these forms: The two square and 
three circular bands are coil covers made of spiral wound tubing. The two spools and the long tube are paper laminated with cellu: 


lose acetate; note the transparent acetate flanges on the circular spool. 


sought in most applications, so that 
formulations in the medium range 
of flow temperatures are most com 
monly used. Range of properties of 
commercial cellulosic formulations is 
indicated in the table on page 153. 

In deciding on the formulation to 
be used, consideration must also be 
given to manufacturing problems. For 
instance, a large and complicated piece 
of heavy cross-section cannot be molded 
in extremely hard flows. Hard flows 
also have limited machinability. Be- 
cause of plasticizer content, compat- 
ability is an important consideration 
in assembled products, where parts 
are in close contact, or where prod 
made of different plastics are 
packaged together. Polystyrene, for 
instance, sometimes "clouds up" when 
packaged with cellulosic products 
Even parts made of the same cellulosic, 
containing greatly different amounts 
of plasticizer, may show exudation if 
they are in close contact. 


ucts 


l'HERMOPLAsTICITY. The cellulosics 
we one group of thermoplastic mate 


SS 


rials—the application of heat and pres 
sure causes a physical, and not a chem- 
ical change. This basic property of 
thermoplasticity is Bei th the fin- 
ished product, and parts made from 
cellulosic plastics are affected by high 
temperatures. The temperature at 
which a particular cellulosic will dis 
tort under heat varies according to 
type and formulation; the maximum 
temperature to which most cellulosics 
can be subjected for any length of 
timc is roughly from 180 to 200 F. 
Special heat-resistant formulations of 
cellulose acetate have service tempera- 
tures up to 250 F, but these have a 
limited color range. However, this is 
a theoretical consideration, since the 
majority of applications are intended 
for ordinary temperatures, including 
summer-winter variations. 


Under heavy loads at normal tem 
peratures, there may be some loss ot 
shape, or "cold flow" which is meas 
ured by deformation under load, 
ASTM D621-43. A lamp manufa 
turer who was considering an injection 


Smallest item is spiral wound acetate slipped over paper 


molded pin-up lamp base and bracket, 
asked the advice of a materials manu 
facturer, who recommended molding 
the bracket or arm over a metal stamp 


ing. The metal provided structural 
strength-resistance to cold flow—and 
the plastic was used for color, finish 
and corrosion-resistant properties. 


THERMAL PROPERTIES. Thermal coef 
ficients of expansion of cellulosics 
range from 8 to 16x10° in. per if 
per deg. C. These figures seem smal 
but should be compared with the © 
efficients for aluminum andi steel, 2.2 
and 0.37x10^, These are real differ 
ences that must be considered when 
combining cellulosic plastics with met 
als. However, this problem has been 
overcome by using tough formula 
Steering wheels, consisting 
cellulose acetate butyrate, cthyl cellu 
lose or cellulose propionate molde 
over a metallic spider, and we 
housings, containing many | olded-in 
metal inserts, are successful combina 
tions of metals with cellulos 

Ethyl cellulose is particu! |y su! 


tions 
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able where the problems of cold flow 


and metallic inserts are both present. 
In aircraft steering wheels, and ven 
turi tubes, both molded with metal 
inserts, ethyl cellulose showed out- 
standing performance, particularly at 
température extremes. 
Thermal conductivity of 
is extremely low, 


) cellulosics 
as compared with 
seel—the figure for steel is about 
220 times that of cellulosics. This 
is one reason for the "touch appeal" 
of cellulosic plastics particularly valu- 
able in objects that are touched or 
felt, at extremes of temperature. The 
sensation of warmth of cold obtained 
on touching an object is also a func- 
tion of heat capacity, or specific heat 
Plastics have a fairly high specific heat, 
0.3 to 0.4 cal. per gram, compared to 
minerals and metals, which vary from 
0.2 to less than 0.1 cal. per gram. 
These properties make the cellulosics 
suitable for such products as steering 
wheels, telephone and toilet 
seats. 

All the cellulosics, with the excep 
tion of cellulose nitrate, are classed 
as slow-burning. There is available 
acommercial type of cellulose acetate 
which is self-extinguishing. Flame- 
resistant formulations are used for 
molding blind grommets for service 
on naval craft, and for housings for 
small motors, such as are used in mix- 
ers, vibrators and hand drills. 


bases 


TouGHNEss. The ability to withstand 
sudden shock is measured in several 
ways. Whatever the method used, 
however, cellulosics usually are con- 
sidered the toughest of all plastic ma- 
terials. Products that might be sub- 
ject to dropping or other shock—such 
as telephone bases, tool handles, hous- 
ings for kitchen appliances and vac- 
uum cleaners—are molded from cellu- 
losic plastics for this reason. 

Impact strength values of cellulosics 
are higher than those of any other 
plastic material. Ethyl cellulose is 
particularly outstanding, and values 
up to 11.6 ft-Ib per in. of notch (Izod) 
have been recorded. Important, also, 
Is. its high impact strength at low 
temperatures. Government specifica- 
tions for flashlights during the war 
required that they be conditioned : 
high and low ambient — 
(175 and —40 F) and then subjected 
00 a 20 in-lIb impact, by means of a 
steel bail. The only flashlights that 
could fulfill these requirements were 
molded from ethyl cellulose formula- 
tions, 

Another valuable measure of tough- 
Ness is tensile product—tensile strength 
multiplied by elongation. Glass, for 
instance, which is brittle, has a tensile 
product « practically zero. Polystyrene, 
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with a low elongation value, has a 
low tensile product. The average cel- 
lulosic of a medium flow type has 
tensile product of 160,000 psi 

Perhaps the best method of evaluat- 
ing toughness in materials is to con 
sider both impact strength and tensile 
product. When comparing the cel- 
lulosics themselves, the soft flow form- 
ulations are tougher than the hard 
flows. Ethyl cellulose and cellulose 
nitrate are tougher than the other 
three cellulosic plastics. 

The frame of a refrigerator freezer 
chest housing, with concealed rivets 
to hold the piece in place, was molded 
of ethyl cellulose because of its di- 
mensional stability at high humidities 
and toughness over a wide range of 
temperatures. Since the frame is a 
large, visible piece, there must be no 
warpage of any kind. Thus, the tough- 
ness, thermal, and moisture-resistant 
pe of ethyl cellulose were util- 
1zed. 


MOISTURE AND CHEMICAL RESIST- 
ANCE. Although cellulosics and many 
other plastics absorb small amounts 
of moisture, this in itself is of no 
practical significance. What is im- 
portant to the user of plastics is the 
effect of water absorption on dimen- 
sional stability and form retention. 

Change of dimensions caused by 
moisture absorption is known as "hu- 
midity expansion and contraction." 
When moisture is absorbed, the piece 
swells; when the surrounding atmos- 
phere becomes dry, the part loses mois- 
ture and contracts. In small plastic 
parts these dimensional changes are 
negligible. 

Warpage, a more 
nomenon, is usually caused 
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y stresses 


Dielectric strength, volts per m 


234367 @ 9 & 
Thickness, 0.00! inch 


CHANGE in dielectric strength of a flame 
resistant type of cellulose acetate film, 
with increasing thickness. Such films are 
useful electrical insulators because of their 
resistance to electrochemical corrosion. 


set up 
which are 
heat or 


part during fabrication, 
later released when excess 
humidity ts applied If this 
“critical” conditioning is not attained, 
the stresses remain dormant and no 
deformation results. 

The cellulosics differ among them 
selves in their moisture sensitivity and 
form retention qualities. The most 
dimensionally stable is ethyl cellulose. 
The hard formulations are always more 
dimensionally stable than the soft. 

Chemical resistance of the cellusics 
varies with the basic flake and with 
the particular formulation. Generally, 
the cellulosic esters (acetate, butyrate, 
nitrate, propionate) have fair resist 
ance to mild acids and hydrocarbons; 
the cellulosic ether (ethyl cellulose) 
has good alkali resistance but poor 
resistance to hydrocarbons. Resistance 
of most cellulosics to perfumes, es- 
sential oils and alcohols, and to strong 
acids and alkalis is not satisfactory. 
However, cellulose nitrate makes use 
ful battery boxes, since it is the only 
one of the cellulosics that is unaffected 
by sulfuric acid. Because of their 
excellent resistance to ink, cellulose 
nitrate is machined into fountain pens, 
and cellulose propionate is used for 
injection molding ' fountain pen parts. 

Grease and fat resistance of cellu- 
losics is excellent, making them a 
valuable packaging material. With 
the exception of ethyl cellulose they 
are resistant to dry cleaning fluids and 
to gasoline, and therefore can be used 
for buttons, as well as for the auto- 
motive and aircraft industries. 


ELECTRICAL PROPERTIES. (Good di- 
electric properties, high arc resistance 
and low power factor are the most 
important electrical characteristics of 
the cellulosic plastics (see table on 
page 153. 

Cellulose acetate molding composi- 
tions provide protection from corrosion 
to copper windings in such applica- 
tions as injection molded terminal 
blocks, coil spools, small housings and 
grommets. Cellulose acetate film is 
non-corrosive when in contact with 
bare copper wire. Copper-wire cor- 
rosion, induced by  electro-chemical 
reaction with the anbal material, 
is a common cause of electrical equip- 
ment failure. Materials made from 
natural fibers, including pure cellulose, 
cause such corrosion. Cellulose acetate 
insulating materials are completely 
free of this corrosive tendency. It 
is claimed that a fine copper wire in 
contact with cellulose acetate will 
last just as long as one suspended i 
air. 

As shown in the accompanying 
curve, cellulose acetate films have high 
dielectric strength. Substantial quan- 
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THAT PRODUCT DESIGNERS must appreciate mold design problems is illustrated 
in this schematic drawing of one cavity of an electric shaver housing mold. Upper 
sketch shows the location of the part (one-half of the housing) in relation to the press. 
To provide an undercut to house the cutter (incorporating a hole, a x b), a sliding 
block (A), actuated by an angle guide pin in the stationary plate, is pulled back as the 
movable plate opens. The block is clear of the undercut before the knockout pins act. 


tities of thin cellulose acetate film 
are being used for turn insulation for 
magnet wire, major coil insulation, 
layer-wound cores, condensers, and 
many similar applications. Cellulose 
acetate also has good resistance to 
reduction in dielectric strength after 
24 hours immersion in water: drop in 
breakdown voltage is less than 10 per- 
cent. Cellulose acetate butyrate foil 
is used as primary insulation on solid 
and stranded wire and cable. 

Ethyl cellulose moldings are useful 
as housings for electrical machinery- 
small motors and radios. Insulated 
handles of electrical tools are often 
molded of ethyl cellulose. 


SPECIFIC GRAVITY. Compared with 
metals, the specific gravity of cellu- 
losics is low; this fact should be con- 
sidered when comparing costs. Alu- 
minum has a specific gravity of 2.6, 
twice that of cellulose acetate. The 
specific gravity of ethyl cellulose, 1.12, 
is about one-seventh that of steel. 
This low specific gravity is important, 
particularly in such products as aircraft 
parts and wire covering. 


Molding 


The cellulosics are not used in com- 
pression molding to any great extent. 
A small percentage of automotive steer- 
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ing wheels, thermoplastic covered, are 
still being compression molded, but 
will gradually change over to injection 
molding. 

Extrusion molding of celluosics is 
carried out by one of two methods. 
In the "wet" method, the extrusion 
material is rendered moldable by the 
addition of solvents. After extrusion 
the solvents are evaporated, and the 
extruded shapes are hardened by oven 
drying. This method makes it pos- 
sible to mold at low temperatures. 
Cellulose nitrate, since it is flammable, 
is the only cellulosic that is still ex- 
truded in this manner. All other 
cellulosics are extruded by the “dry” 
or non-solvent method. Practically 
any profile shape can be extruded. 
Extruded applications include strips 
for aircraft interior trim and pipes 
for carrying a variety of liquids. 

The most common method of mold- 
ing products from cellulosics is by 
injection molding. Injection molding 
consists of feeding a granulated mold- 
ing powder from a hopper into an 
electrically heated cylinder, where it is 
progressively forced forward through 
the cylinder by a plunger. The mate- 
rial passes through a nozzle or orifice 
into a tightly locked die, which is held 
at a relatively low temperature to per- 
mit the heated plastic to cool and 
become rigid enough for ejection 


without loss of shape. Since the 
pieces are produced with a good sur. 
face finish, advantages of this method 
are high speed of production and low 
finishing costs after molding. 


Design Factors 


In injection molding, the part is 
produced in a mold, which in its 
simplest form consists of two sections 
which come together for molding and 
separate afterward so that the molded 
part can be removed. Anything that 
interferes with the removal of the 
part, such as undercuts and inadequate 
sidewall drafts should be avoided. 

Draft on sidewalls should be ap. 
proximately 0.005 to 0.010 in. per in. 
Minimum taper tends to increase pro- 
duction costs. An interesting excep- 
tion to this is the film core mentioned 
earlier in this article. The outer wall 
and inner case were required to be 
perfectly parallel and concentric—no 
draft could be tolerated on either 
surface. Advantage was taken of the 
predictable overall shrinkage of 0.004 
in. per in. for the hard cellulose 
acetate formula used. To avoid dis- 
tortion, 12 knockout pins, contacting 
the piece on non-functional surfaces, 
pushed the piece out of the mold. 
This molding job was also interesting 
because of the close tolerances re 
quired: 0 to + 0.005 in. on diameter 
of center hole; — 0.002 to + 0.002 
in. on outside diameter, and — 0.008 
to 0 in. on the overall length. 

Where sections of the mold come 
together the parting line — the 
molded part may be marked by thin 
flash. Flash lines should be avoided 
in places where they will be difficult 
to remove. Best practice is to have 
flash lines coincide with edges, where 
they are not noticeable and do not 
have to be removed, or where surface 
condition is not important. | 

Large, flat areas should be avoided. 
They are apt to be marred in the 
finished part by flow marks and minute 
wrinkles. Large areas should b 
broken up with formal line patterns, 
or if strength is needed, reinforced 
with ribbing. 

Gates, where the plastic actually 
enters the die cavity, are particularly 
important design considerations. Gates 
should be as close as possible to 
the parting line, so that they can 
be easily machined off, and should be 
placed on a non-appearance surface, 
to reduce finishing costs. They should 
be located so that plastic flow 1s 
from the heavier to the thinner se 
tion; not in the opposite direction. 

All other factors being equal, the 
gate should be symmetrically placed, 
so that flow is equal and strains afe 
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minimized. Theoretically, the smallest 
gate possible is best. However, a 
gate that is too small prevents normal 
fow, and causes internal bubbles and 
"sink marks" on the surface. In a 
screwdriver handle, the gate is placed 
at the end, with a diameter up to one- 
half that of the thickest section. 

Inserts, when properly employed, 
are extremely useful. However, they 
must be carefully designed, keeping 
in mind especially the cold flow of 
thermoplastics. In the electric shaver 
housing shown in the accompanying 
diagram, it was necessary to design in 
an undercut, so that vibration of the 
motor did not shake the insert loose. 
Walls around inserts should be thick. 

Allowance for mold shrinkage must 
be made in designing plastic products. 
It is the difference in size of the 
mold cavity, and of the piece after 
ejection. Usual amount i tea 
in the mold is from 0.002 to 0.007 
in, per in. It is usually larger in ex- 
tremely soft flows because of plasti- 
dzer content, but is also somewhat con- 
trolled by molding conditions, shape 
and thickness of the part. Shrinkage 
in the mold also has some bearing 
on tolerances (see chart below). 


MACHINING AND FINISHING. Depend- 
ing on the polish of the mold, there 
is usually little need for further finish- 
ing of cellulosic plastic parts. Fins 


and sprues are best removed by cutting 
tools rather than by abrasion. A 
punch press with suitable dies can 
often be used for this purpose. 

A wide variety of parts are produced 
from cellulose acetate and nitrate by 
machining standard shapes, such as 
sheets, rods and tubes.  Cellulosics 
handle very much like wood and 
soft metals in machining operations, 
and frequently the same tools and 
machines can be used. Warming the 
plastic parts to about 125F is helpful 
in obtaining smoother edges, when 
punching or shearing. 

In sawing operations, the smoothest 
cut is obtained by using a good 
cabinet circular saw. The saw should 
be ground without set, about 8 to 10 
teeth per inch for thin sections and 
about 4 to 8 teeth per inch for sec- 
tions 0.150 in. and more in thickness. 
For sections 1 in. thick and over, a 
slight set should be made. The saw 
should be not more than „fẹ in. thick, 
preferably 4', in. for thin sections. A 
speed of 2100 rpm is usually main- 
tained on a 6 to 9 in. diameter saw. 
With the exception of cellulose nitrate, 
the cellulosics can be cut dry, although 
a light coat of oil applied on the blade 
with a brush gives a smoother cut. 

Drilling should be done with single 
or double flute, slow spiral twist drills. 
The point should be Lept well sharp- 
ened and the drill backed off fre- 


quently and cleaned when drilling 
holes deeper than 4 in. Excessive 
speeds and feeds should be avoided to 
prevent overheating and gumming of 
the material. Light lubricating oils 
should be used on the drill at fre- 
quent intervals. 

Final finishing, if necessary, can be 
done by ashing and buff polishing. 

Plastic parts can be decorated by 
embossing (hot stamping), metal 
plating, spray painting, tinting and 
lacquering. Paints and lacquers should 
be applied as dry as possible and 
tested carefully before being used in 
production. Particularly with the 
softer flows, plasticizers migration 
from the plastic to the painted or 
lacquered surface may develop under 
heat and humidity conditions. A 
check of 24 hours at 120 F. and 95 
percent relative humidity should be 
made. If no tackiness of surface de- 
velops as a result of the test, it is 
usually considered safe to proceed. If 
a "monkey skin" or "orange peal" 
surface develops, excessive solvent ac- 
tion is evident and the paint or lacquer 
should not be used with molded parts. 


EprroR's NorE— The Reference Book 
Sheet on pages 153 and 155 of this 
issue contain a table and curves show- 
ing mechanical, thermal, environmen- 
tal and electrical properties of the cel- 
lulosic plastics. 


Approximate Dimensional Tolerances for Injection Molded Cellulosic Plastics* 


(These tolerances do not apply co screw threads, location of inserts or warpage. ) 


Dimen 





Tolerances apply to 
medium flow materi- 
als. Larger tolerances 
must be used for 
softer flow s, and 
| smaller tolerances 
for harder. flows 
Tolerances are pre- 
sented in three clas- 
Sifications: FINE 
narrowest limits pos- 
sible with closely 
controlled produc: 
uon; STANDARD 
usual commercial tol- 
trance that can bc 
held under average 
Conditions; COARSE 
"broad variation, 
Where dimensions 
are not considered an 
Important factor 


Over 6 in 
Add Per 


Inch 


moldings. No allowance for draft. 


Cylindrical and lineal dimensions 
(A, B, C) on straight draw, uniform 


allowance 
per side 


DIMENSIONS 


0.000- 


0.000- 


Section T 


Single Cavity Height 


Multiple Cavities 
Height 





Plus or Minus in Thousandths of an inch 


sion 


Standard | 0.00.15 in. 


0.007 in. 

Vq Degree 
1/4-V/) Degree 
1 Degrec 


Plus or Minus in Thousandths of an inch 


l 2 3 


1.000 in. Fine 





1.000 in. 


hickness to be held constant — 0.001 in. 


i 5 6 7 


Added Height 0.002 in. per in. 


8 9 10 12 14 16 18 20 


*Based on charts, pp. 208-210 SPI Handbook, published by che Society of the Plastics Industry, Inc. 
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Ten Station 
Rotary 
Gear Shaper 


By mounting ten gear shaper units on 
a rotary turret, floor space is reduced 
and operating efficiency increased as 
compared with that of individual ma- 
chines. This machine, made by the 
Fellows Gear Shaper Co., Springfield, 
Vt, weighs 85,000 Ib and is 12} ft 
wide and 13} ft deep, including a chip 
conveyor. Each cutting unit is indi- 
vidually operated by a separate motor 
and electrical control, and stops auto- 
matically when a gear is completed. 
The machine is operated from a cen- 
tralized pushbutton control panel. 
Thirteen motors are included in the ma- 
chine. All ten stations can be set up 
on a single gear or different sizes and 
types of gears can be cut on different 
stations. Cutters used have a 6 in. pitch 
diameter. Maximum work capacities 
are: 12 in. pitch dia., 3 in. face width, 
3/4 diametral pitch for spur gears and 
5/7 diametral pitch for helical gears. 
Internal gears can also be generated. 


ROTARY GEAR SHAPER has ten complete cutting units mounted on : 


single base. Each unit has individual controls for its cutting operation. 


Crank h ead 


AUTOMATIC POSITION STOP is 

added when machine is arranged to cut Solenoid 
internals, which require that the cutter 7 
spindles stop at top of stroke to permit 

removal of work. When cutting is com- 

pleted, stroking motor is de-energized 

and a brake applied. After a time delay, 

a solenoid is energized, moving plunger 

toward crank head that operates cutter 

spindle. If spindle is not near top of 

stroke, the plunger moves far enough 

to close limit switch contact and energize 

motor at reduced voltage to rotate motor 

shaft slowly. As spindle reaches top of 

stroke, cam on crank head pushes plunger 

to open limit switch. This switch opens 

motor starter, applies brake to motor 

shaft and stops spindle at top of stroke. 

Start button is then operated to release 

brake and start cutting. 
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DIAPHRAGM TYPE CHUCK for internal gears shows 
how cam control causes work to be unclamped. Chuck has 
a spring steel diaphragm plate that has projecting integral 
jaws. Jaws are ground under tension to a diameter ap- 
proximately that of the work. When plunger is elevated 
by the cam, bevelled bushing forces up diaphragm and 
spreads jaws, thus unclamping work. When roll travels 
from cam surface, work is reclamped. Clamping pressure 
is controlled by diaphragm thickness at fulcrum points. 


_Distance varies in length depending on loading time 


Rotation of turret ——» 


Switch stops turret if operator has not 
completed loading and pressed but 
fon on control panel to continue 
turret rototion - 


Jwifc/ 
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CLUSTER GEAR FIXTURE is operated by a combined 
pneumatic and mechanical system. Air cylinder connected 
to rack plunger operates the upper centering and hold- 
down device automatically at the end of the cutting opera- 
tion. Cam at loading station forces up ejector rod and 
elevates work from the driver. Rod lowers as roller 
travels across cam face, permitting operator to load gear. 
When start button is pushed, air cylinder clamps work. 
Gear may be driven through drilled hole in its face. 


CLAMPING and unclamping of the 
work is done automatically. A cam 
attached to the base of the machine 
is located at the operating position. 
Limit switches are included in this 
cam device. When turret rotates to 
a position where a roll on each fix- 
ture rises up on the cam surface, the 
work unclamps. A limit switch op- 
erates indicating light on main panel 
to tell operator work is unclamped. 
Near the end of the loading position 
roll operates another limit switch, 
which stops turret rotation unless op- 
erator has pressed a button on the 
Third limit switch is 
actuated by roll and operates a light 
telling operator that work is clamped. 
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Rotary Gear Shaper (continued) 


--—-— Horizontal screw 
conveyor 


—— 
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‘Elevating screw 
conveyor 
Grease fitting 


for bearings 
^ Chain drive 


CHIP CONVEYOR CROSS-SECTION shows the two conveyors that are 
driven by one motor. Coolant and chips are carried to the center of the 
machine where they drop into a horizontal screw conveyor. From the hori- 
zontal conveyor they are carried up a second conveyor, which is inclined to 


the base so that coolant is not carried into the truck. Coolant returns through 
a screen to a tank in the base of the machine. 
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— — — TOC 
Cutter Swinging 
clamping plug --clamp 
—A 


8 ampin 


lower position 
of cutter 


Clamping plug Swinging 
clamp 
Top view of clamping 
plate 


TIMING GEAR FIXTURE holds tw 
aluminum timing gears. Roller causé 
plunger to rise on cam plate and lift 
lunger so that the swinging clamp © 
x swung away from clamping plui 
permitting plate and work removal. 
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Axial Flow 
Adjustable Blade Fan 


Series 1000 "Axivane" fans built by the Joy Manufactur- 
ing Co., Pittsburgh, Pa. have casi aluminum blades that 
can be adjusted to provide a pressure range for a 
particular volume or range of volumes. These fans can 
be installed in either horizontal or vertical ducts by 
bolting the ducts to flanges on each end of the fan and 
supporting the fan unit with vibration dampener mount- 
ings bolted to a floor or partition adjacent to the duct. 
Motor drive for the fan is flange mounted inside the 
housing. Fans are provided with stationary steel vanes 
that re-establish axial flow to the air leaving the vanes 
and thus avoids excessive turbulence. Housing diameters 
Volumes up to 100,000 
cfm and pressures up to 18 in. w.g. can be had. 


are from 18 in. to 60 inches. 
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FAN UNIT CROSS-SECTION shows the fabricated steel 
construction of the housing. Aluminum blades and hub 
are cast around steel inserts in permanent mold fixtures. 
Rotors are balanced before mounting. Sealed ball bearings 
are provided for the motors and thus permit the fans to 
be mounted in any position without damaging fan or 
motor. When fan is mounted in a duct, inlet bell is not 
required. Screen guards are provided for open mountings. 
Ac urately cast contours of blades insure minimum sound 
intensity during operation. Aluminum wire screen guards 
and outside grease leads are extra cost features. 
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CUTAWAY VIEW of ‘‘Axivane” fan unit showing motor, 
inlet bell, adjustable blades and stationary steel vanes. 


BLADE ADJUSTMENT is made by removing nose from 
rotor and loosening locknuts on blade shanks. Blades are 
then free to rotate and can be set at the required angle. 
Blade shanks have vernier markings so that all blades can 
be rotated to the same setting. A permanent stop is pro- 
vided to insure that blades cannot be set in a position that 
would overload the motor. A typical illustration of the 
effect of blade adjustment on fan performance is that of 
a fan delivering 14,200 cfm of air, the pressure of which 
can be changed from 3.0 in. w.g. to 5.15 in. w.g. while 
delivering the same volume. 
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Creep Tester 


for Elevated 
Temperature Work 


Designed to determine creep characteristics of materials 
subjected to high loads and temperatures such as those 
found in turbines, jet engines and furnaces, this test- 
ing machine includes a unique type of extensometer 
for indicating elongation of specimens. A conven- 
tional 0.505 in. dia, 6} in. long specimen having 
threaded ends is loaded by applying weights through 
a lever system. The specimen is mounted inside a fur- 
nace. Furnace temperature recorder is operated by a 
thermocouple at the middle of the inner wall of the 
furnace. Standard furnace temperature is 1600 F. 
Furnaces for temperatures of 1800F and 2200F can be 
supplied. Time and strain indication is given by two 
counters. A recording of the test may be made by 
photographing the counters. Guaranteed accuracies are 
| percent of load, and strain indication within 0.00005 
inches. Maximum load is 12,000 pounds. The tester 
has 12 in. by 48 in. base, is 84 in. high and weighs 
1200 pounds. It is made by the Baldwin Locomotive 
Works, Philadelphia, Pa. 


IWO INDICATING COUNTERS are shown. Elonga- 
tion is indicated by the upper counter, which counts the 
number of breaks in electrical contacts in a circuit. The 
contacts are separated by the extensometer, which is at- 
tached to the specimen, at € ach length increase of 0.000- 
'5 in. of the specimen. The separation of the contact 
points excites an electric motor that drives the follow-up 
mechanism thus closing the contacts and driving the 
counter. The extensometer is suspended from the speci- 
men so that only the differential displacement of the gage 
points in pin holes in the specimen is measured. Pin 
holes 34 in. apart are jig drilled in the specimen. Lower 
counter is driven by an clectric clock motor and indicates 
time in 0.1 hours, 
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Cork pads 


TESTING MACHINE FRAME has welded steel 
construction. Furnace slides vertically to permit re- 
moval of specimen. Three banks of coils wound 
with Chromel wire comprise the furnace. Max- 
imum elongation of specimen without take-up is 
ïg inch. Adjusting nuts in lower grip holder can 
be adjusted during the test to permit a maximum 
elongation of 13 inches. Three thermocouples 
indicate specimen temperature. They are located 
at the top and bottom and in the middle of the 
specimen. Thermocouples connect to a multi- 
point thermocouple switch, and are switched one 
at a time into a potentiometer. Furnace tempera- 
ture can be controlled to plus or minus 2F by 
controller not supplied with the testing machine. 


TYPICAL CURVE of creep-rupture test record 
made by the Westinghouse Electric Corp. Creep 
test records are plotted as strain against time at con 
stant load and temperature. 
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Exposure Meter 


Made of 
Plastic Materials 


LI hotometric efficiency in the type PR-1 ex- 
posure meter has been increased by specifying 
a polystyrene plastic lens material. Lens is 
designed in cylindrical form with a slight axis 
curvature. Other plastic parts include a 
methyl methacrylate scale plate window, 
black phenolic case and a laminated regu- 
lator. Case material is a cotton flock phenolic 
compound. Regulator is a cloth base laminate 
0.015 in. thick. An added design feature is 
the use of a C-shaped Alnico 5 permanent 
magnet. The magnet material is direc- 
tionalized during the cooling period to per- 
mit a maximum flux carrying efficiency. The 
meter is manufactured by the General Elec- 
tric Co., Pittsfield, Mass. 





INCIDENT LIGHT ATTACHMENT has a 
plastic diffuser that measures illumination. This 
device slips over the cell end of the meter. 
When the meter and attachment are used in 
combination, the dial readings do not require 
correction. Pointer can be locked in place to 
retain reading by releasing pointer-lock button. 
Lock mechanism can be unlocked by giving the 
button three turns counter-clockwise. 













ka Light 


beam 


shutter ~ 


Photovoltaic cel -<7 


Trident analyzer —-——--—— 


Polystyrene lens 
for photovoltaic 


cel! ———— 








Pointer -lock 


button 
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Film-exposure 


index 


Shutter -speed 
(inner ) dial 
— for stills 
and movies ^ 


t-stop (outer) dial ~ 
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Light-value scale 















Tab for setting 
film-exposure 
index (also 
used to set 
for movies) 







































Black phenolic case 






























































_-- Light-value scale 









Micro- 
ammeter 


SCHEMATIC DRAWING shows light 
shutter that is mounted behind the plasti 
lens. Shutter is mechanically coupled to the 
f-stop dial. Thus, for bright light measure 
ments, the f-stop dial is turned to the 
"high" light range designation and aut 
matically closes the shutter. For mediur 
and dim light, f-stop dial is turned to 
“low” and the shutter is retracted, permit 
ting an unobstructed light beam to fall on 


the light cell. 
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Stud Driver 
Operated by 
Cartridge. Discharge 


ht 
'nge 





Designed for driving steel studs into structional 
steel plate from | in. to 1 in. thick or through 






i in. steel plate into concrete, the Model B, 
M.S.A. "Velocity-Power" Driver uses a blank 








cartridge as its source of operating power. The 
tool can be adapted to different types of appli- 
cations by interchanging barrels. Alloy steel 
studs with either a 3,8-16 thread or a straight 
shank with flared head are driven with this 
equipment. Weighing 4} lb, its operation is 









silent, without flash or recoil. The tool is made 
by the Mine Safety Appliances Co., Pittsburgh, 
Pa. New models include a barrel guard. 
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DRIVER consists of an integral handle and firing unit, position and the handle pushed forward. Detonation of 
stud unit, and barrel assembly. Handle is a bronze cast- the cartridge drives the stud into place. Brass shell is 
ing with a rubber grip. All other parts of the driver are crimped to the steel piston, which is seated in the barrel, 
heat treated chrome alloy steel. Stud unit consists of a so that tension is required before separation takes place. 
brass cartridge case, cold rolled steel piston and the stud. This retards the stud and piston until full power of 
To operate the driver, the stud unit is inserted in the barrel cartridge gases is developed. Piston travels down barrel 
and this assembly screwed into the firing unit with the with stud. When it reaches the muzzle cap it is stripped 
muzzle cap in place. Safety arm is rotated to the firing from the stud, serving as a seal to avoid flash and recoil. 
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Arbor Press 
Has Electrically 
Operated 
4-Way Valve 


The Model M-2 air operated arbor press built 
by the Hannifin Corp., Chicago, Ill. has a 


T 


at 


pushbutton controlled electric valve that con- 
trols the direction of flow of compressed air to 
the cylinder. This bench-mounted press is de- 
signed for assembly operations and light stamp- 
ing work. Maximum ram pressure with line 
pressure of 80 psi is 2650 pounds. Weighing 
375 lb, this model uses 0.124 cu ft. of free air 
per in. of stroke at 80 psi line pressure. Air 
cylinder has a 6} in. dia bore and stroke of 
6 inches. 


fi 


— 
— 


ae 


(Me o 


s Sn 


y x : 


a 
oe 


—— 
* 


Chomber 
connect- 
ed toair 
inlet... 


Air 
piping. . 


Frame ~. 


So/enoia 

controlled 
air oper- 
ated valve 


SOLENOID CONTROLLED VALVE is known as the 
Model NE-50-2. It is a packless reciprocating disk type 
pilot operated and solenoid controlled. Valve returns to 
its initial position when the solenoid is de-energized. 
Piston is aluminum and the disk stainless steel. Piston 
CAST IRON PRESS FRAME is bolted to a steel base. Air is shown in the normal position. Both solenoids are 
cylinder is flange mounted on top of the frame. Mounted energized simultaneously causing plungers to move out 
on the base at the rear of the press is the solenoid con- ward, closing port “A”, and opening port "C". Th 
trolled air valve. Piping from valve to air cylinder is resulting pressure drop in the chamber causes piston to 
mounted externally. Valve is arranged for power offset move to the left until it seats on surface "B" stopping flow 
operation using a single push-button or limit switch. It to port "C". This shift directs the lower air cylinder lint 
will function at a rate of up to 180 cycles per minute with to exhaust, causing the arbor to move down, When the 
air pressure from 25 psi to 150 psi. Thus, the press can he circuit is broken, piston returns to normal position and 
operated as fast as the user can press the button. directs upper air cylinder line to exhaust, lifting the arbor 
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Die Truck 
Has Hydraulic 
Lift Table 


Designed for handling dies weigh- 
ing up to 12 tons, this truck has a 
36 in. by 72 in. roller table that is 
raised and lowered hydraulically. 
and 
Hydraulic 
pump is driven by a 1} hp motor. 
A pushbutton control is operated to 
raise the table. 


Raised table height is 40 in. 
lowered height 30 in. 


A hand valve is 
provided for lowering the table. 
Fight-wheeled running gear includes 
four rigid casters and four 8 in. dia. 
wheels on a "fifth wheel" unit. Truck 
is made by the Service Caster and 
Truck Corp., Albion, Mich. 


Electric Motor Has Aluminum Housing 


ELECTRIC MOTORS, made by Electra Motors, Inc., 
Anaheim, Calif., have a one-piece permanent mold cast 
aluminum alloy housing. A cast aluminum end shield is 
bolted on one end of the housing. Rotor core is cast 
with pure aluminum using a permanent mold process. 
Three phase, 60 cycle, 220/240 v motors are made in 
Capacities from } hp to 1 hp with various speed ratings 
from 1200 rpm to 3600 rpm. Weight of 4 hp motor is 


- pounds. Styling was by Norbert Shaeffer, Hollywood, 
alif, 
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MOTOR CROSS-SECTION shows the cantilever mount- 
ing of the rotor shaft. Two ball bearings supporting the 
shaft are mounted in the heat treated motor housing. End 
shield and housing are louvered for ventilation. Cavity 
between double shielded bearings is filled with grease for 
permanent lubrication. Inspection of motor is facilitated 
by the end shield, which can be removed without disturb- 
ing the bearings. Mounting holes are slotted to permit 
belt adjustment. End play of the shaft is prevented by 
retaining rings in housing and shaft. 
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Traction Unit for Truck Axles 


By replacing standard truck axle side gear and pinion 
assemblies with this Thorton “NoSpin” Differential 
unit, it is impossible to spin one driving wheel while 
the other stands still. The unit is provided with 
clutch members that are cammed out of locking posi- 
tion by the faster turning wheel when negotiating 


corners. In this manner it functions similar to a 
conventional gear differential by permitting the out- 
side wheel to turn faster than the inside wheel during 
a turn or when passing over an obstruction. The unit 
is manufactured by the Detroit Automotive Products 
Corp., Detroit, Mich. 


CLUTCH TEETH on both sides of 
the spider assembly are engaged with 
clutch teeth on each driven clutch mem- 
ber by spring pressure in straight 
forward or reverse driving. The 
"No-Spin" unit allows either wheel to 
turn faster than ring gear speed but 
does not permit either wheel to turn 
slower than ring gear speed, when mak- 
ing a turn. Thus, when making a turn, 
the inside wheel turns at ring gear 
speed and the outside wheel turns 
faster than ring gear speed. When this 
occurs, the driven clutch. member on 
the outside wheel rides up on cam 
surfaces on its inner face and disen- 
gages the clutch teeth on the center 
cam member driven by the ring gear. 

When a wheel loses traction it can 
spin in a conventional geared differ- 
ential. This unit does not permit the 
wheel to spin since there is no re 
stricted speed differential between the 
two wheels and thus no unlock. At 
this time, the wheels remain locked 
to the ring gear and traction is sup- 
plied by both wheels. 


Solined side 
member fits 
axle shaft 


Cams on Siole of center m member 
ergage mating cams on ariven clutch 
members and serve as ramps to disengage 


the driven clutch members olur no turns 


“Snap ring holds 
floating center 
cam member in 
correct relation 
to spider 


Clutch teeth on 
driven clutch 
member engage 
clutch teeth on 
sides of spider 


Spring holas driven clutch 
nember against spider 
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i se _- AC Electromagnetic 
Light-Duty I 7 p 1 he Armature 
O ; , | | „7 Flexible connection 


i  g “Combined Flexibl 
Air and 27 — 


Liquid Pump 


zLeve/ A 

E 

X. With liquid at this 
level, liquid is 

This unusual pump for light duty air 

and liquid pumping service has no 

rotary motion, valving or conven- 

tional motor drive. ] he unit has a E pa 4 — —— 

3 in. OD and is 6j in. high. It 4 c 72» air is pumped 

RE 3 à — — A (liquid any tevel 

weighs 2} Ib and is mounted on — A *o B) 


three rubber supports. Maximum air Double symmetrical venturi tube 


pressure is 3 ft of water. Maximum oscillates Ç 
liquid pressure is 5 ft of water. For either direction of motion, high 
velocity at throat at throat causes 


Flow rates are 0.045 cfm for air and checreate of prestére at tube *T" 


15 gallons per hour for liquids. 


Power consumption of the 110 v, 60 PUMPING ACTION results from the oscillating motion of a double venturi 
cycle a-c electromagnet drive is 15 in a liquid medium. Air or liquid is drawn from the intake port, down the 
watts. Designed primarily for lab- central arm and into the pump chamber. This action results from the decreased 
pressure at the throat of the venturi as liquid travels through it. Outlet port 
is connected to the pump chamber. The pump chamber is always filled with 
enough liquid to cover the venturi. Air will be pumped if both ports are opened. 
factured by Pargreen Associates, New — If the pump is connected to a liquid supply, liquid is pumped into the chamber. 
York City. When chamber fills to the level of the outlet pipe, liquid pumping begins. 


oratory work, air operated gages, fish 
tank aeration etc., the pump is manu- 


Rotating wipers - 
Discharge 
trough. " 


Magnets ` 
fixeo to disk 3 


Rotating 
aluminum 
disk ~.. 
felt-lined ^ 
wire 
basket . 


THE SCRIVENER CLARIFIER is designed to be UNIT CONSISTS of a distributor tank in which coolant is fed 
wed as an axiliary coolaat cleaning device for past a revolving aluminum disk carrying permanent magnets. Revolv- 
grinding and honing machines. It is made by ing wiper arms sweep the swarf from the disk and deposit it in the 
Philips Electrical Ltd., London, England. The discharge trough. Disk is rotated at a speed of 72 rpm. Wiper 
mit includes a circulating pump for returning arms and disk are V-belt driven by an electric motor at the top of 
dean coolant to the machine. the unit. Cleaning capacity is 600 gallons per hour. 
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RICHARD J. FRANCIS 
Consulting Engineer 
Long fibered reinforcements in thermosetting polyester, 
phenolic, melamine, and silicone resins provide 
strengths up into the steel range. Problems in assembly 














BUTT JOINT. This joint is not much used with reinforced plas- 
tics because the strength of the joint is so much less than the 
strength of the plastic. If the joined section is to be constrained 
by guides and subjected only to end compressive loading this is 


casiest joint to use. 





pu 31 


SCARF JOINT. A scarf joint allows much of the strength of thc 


difficult to attain with a scarf joint and an efficient joint requires 
careful machining. 


SINGLE LAP UNDER TENSION. Tensile loads on reinforced 
plastic. in. thick. single lap joints produce shear stresses in 
adhesive and distort the plastic. Highly stressed parts of one 
laminate will be adhered to lower stressed parts of the other. 
Resulting uneven elongation tends to peel the adhesive. 





BEVELLED LAP JOINT. In the bevelled lap joint, the tendency 
to peel is reduced by thinning the parts at the joining ends. The 
stress between parts joined in this manner is kept constant by de- 
creasing the thickness at the rate the load is transferred. Joint 
need not be as accurately machined as scarf joint. 
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Characteristics and Configuratio 





laminate to be transferred through the joint without increasing 
the thickness of the joint section. Etficiency near 100 percent is 
















arise because of two factors: There are no high streng 
assembly techniques comparable with those applicalffs,o 
to metals, and anisotropic nature of laminated materillier 
places emphasis on direction of load application. Relkhe 
forced plastics are assembled with adhesives, bolts Kir 





E 
ll Y 


CORNER BUTT JOINT. For reasons similar to those for pl 
butt joint, the corner butt joint is rarely used. Bending 4 
vibration introduce stresses that this joint cannot resist. It is we 
in both tension and shear and would loosen with use, but 











he used in making decorative boxes. 




















SINGLE LAP JOINT. More work has been done on the sing 
lap joint than any other used in plastics. It is used with tig. 
laminates wherever possible. However, peeling can be cus, 
by the couple introduced through the eccentricity and the fact ti.. 
unevenly stressed laminates are attached. 


= Aaa S|] 


SINGLE LAP WITH JOGGLE. Where thick laminated plsMNE[ 
must be joined by a single lap joint, better results can be obtitille 
by designing joggles in the parts to be joined. The eccentnt 
of applied tensile loads is reduced and the efficiency o 
joint is raised. 













































HALF LAP JOINT. The half lap joint is more difhicu* 
machine than the scarf joint and it has the disadvantage o! be 
able to carry only half the, load that the solid laminate © 
This is because of the sudden reduction in thickness. It has * 
used to join two halves of a sphere. 
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nf Reinforced Plastic [oints—I 


trenglh. In the adhesive, strength in tension and shear up 
licis 000 psi have been achieved in bonded joints made 
aterdier controlled conditions, but this value is seldom 
. Relkhed during ordinary assembly. Generally, the load 
volts Frying capacity of bonded joints is increased as the 


A 


for paH SINGLE STRAP BUTT JOINT. This joint cannot take 
ding age tensile loading than can half lap joint, but can also be used 
t is woning circular parts since the machining can be done on a 


- but dic The flush single strap butt joint is useful for inserting a 
of dissimilar material. 
















e UNEUBLE STRAP BUTT JOINT. The double strap butt joint 

with t 
a which would be required for the single lap joint. Since 

e fac 






fective where it is necessary to reduce the bond length undei 


eis no eccentricity, the joint is efficient; since no machining 
required, the joint is made simply. 
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ed PN ELLED. DOUBLE STRAP BUTT JOINT. The double 
c obti ‘lied, double strap butt joint has as much strength as the 
centile strap butt joint. However, this joint does not use as 


cv of an . e : 
cy oi material, and is therefore not as heavy as joint preceding. 





ht end compression can be resisted well by this joint. 


NZ 
— 


—— À 
lificuil 


e of WERT VEE JOINT. In the flat, the vee joint can be used tor 

\inate Ging three laminates as shown in this exploded view. Because 

it has MMS extra length, the vee joint is as strong as the fishtail. The 
led parts insure good load-carrying ability 
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width of joint is increased; but some joints are made 
stronger by increasing the length of bond. Below are 
shown 16 types of joints for use with reinforced plas- 
tics. Though illustrated as flat joints, most of them can 
be singly or doubly curved. 





SCARFED SINGLE STRAP BUTT JOINT. Gradual reduction 
in. thickness 
strength than can be had with either of the two preceding joints. 
This joint is not as strong in end compression as the two previous 


joints but can also be used where a dissimilar insert is desired. 





FLUSH DOUBLE STRAP BUTT JOINT. Because it requires 
nachined surfaces on both sides of the joining pieces, this joint 
should be avoided where others will be satisfactory. Cross section 


is reduced to half, so load carrying capacity is limited. Two 
pieces of dissimilar materia! can be inserted flush. 





FISHTAIL JOINT. In the flat, the fishtail joint is difficult to 
machine, and is not much used. However, where the machining 
can be done on a turning lathe, it is not difficult and the joint is 
used. The joint is unusually strong because of the large bond 
area between the joining members. 





N 

\ 

v 
— 
CIRCULAR VEE JOINT. The vee joint can also be turned on a 
lathe and makes a simple, strong joint. The above illustrates 


the assembly of two halves of a plastic container. Registry of 
the two components of the joint simplifies assembly jigs necessary 


of the strap and the joining pieces provides more 
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rine service, textile mills, and tropical climates. 


ELECTRICAL PROPERTIES of plastics are gradually 
becoming known in an engineering or practical sense 
rather than the academic view so long limiting the 
horizon. 


B Dielectric fatigue tests have been reported on five 
types of plastic materials. Specimens were subjected 
to a constant voltage and the time to break-down was 
measured. Breakdown strength vs. time curves pre- 
sented by Shuster and Telfair in March Modern Plas- 























general replacement of cast iron by plastics cannot d 
course be inferred from this experience, but it can e 
seen that plastics are eminently suitable for moving 
high-impact machine parts. 


POLYETHYLENE, first used in the electrical field 
because of its extremely high water resistance, flexibility 
and chemical resistance, has earned a place in other 
applications. 









E Polyethylene, in the form of 90 mil 3-ply laminate 
protects the new RCA Pylon FM broadcast antenn 





















PROGRESS IN R E WI. 
n — — " - ear — — — — — "Em —— — — 
C 
In this running summary of technical developments, BA complete ignition unit, which can be quickly § ` 
space restrictions do not allow giving complete details. removed from the airplane by pulling a single plug 
Further information relating to any item can be ob- is now available in polystyrene. The complete wiring 
tained by writing to the Editor of Product Engineering. and off-on switch is contained in a single molded piece 
B A polystyrene lens is reported to increase the photo. 
metric efficiency of the new General Electric exposure 
_ meter. The lens, in cylindrical form with only a 
PLASTICS AND RUBBER slight curvature of the axis, improves diaig of 
AS ENGINEERING MATERIALS, plastics have been light on the surface of the photoelectric cell. Othe 
used for a relatively short time. Even such established plastic parts in the exposure meter include a filled 
materials as the phenolics and cellulosics (see article on phenolic case, a laminated regulator, and an acrylic 
page 157 of this issue) are only now being evaluated by scale plate window. 
application engineers. ASTM, the Plastics Materials B Transparent polystyrene gives new convenience in 
Manufacturers Association, Society of the Plastics Indus- storage batteries. Transparent vent plugs make it 
try, and the Society of Plastics Engineers have done an possible to check the car battery at a glance without 
outstanding job of setting up short term tests, and have removing the plugs. When the water level is getting \ 
made a start in fatigue testing. From the end-use view- low, a warning circle of refracted light appears. EE 
point, however, much more long term testing is needed. mi tl 
i PLASTICS continue to replace conventional materials inl ; 
B Laminated plastics trunks and fenders on cars are many different applications. Coming at this particulary 
no longer new (see PRODUCT ENGINEERING, March time, it cannot be said that they are being used merely as 
1947, page 160), but entire automobile bodies made "substitutes"—this is one of the unfortunate wartime 
of laminates are so new that the engineers still have heritages of the plastic industry. 
many unanswered questions relative to actual usage. 
" . B Shellac-bonded mica, developed for electrical use 
Bi Recently the laminated Darrin car and Convair fly- by Westinghouse during the war, is now being replaced 
ing auto suffered unintentional severe collisions and by a laminate pressed from asbestos sheeting impreg 
the results gave partial answers. No pares ‘Were nated with an alkyd-vinyl resin. Tradenamed “Fos 
seriously injured, although the car bodies were severely erite”. the new material is water and arc-resistet 
damaged. Resiliency of the polyester-bonded glass non-tracking, can be punched and sawed. Molding 
cloth prevents bad cracking of sharp edge shattering. technique for the new material is much simpler than 
B Ten ycar durability of urea-formaldehyde adhesives the former mica process. l 
has been thoroughly established by a survey of wood E Plastic laminates have successfully replaced cast iron : 
products manufacturers, reported in March Modern rotary conveyor parts for crowners, labellers, an b 
Plastics. Resin-wood joints, originally well made, are washer and filler machines. Reports indicate thi " 
still in excellent condition. Phenolic, resorcinol, and operating speeds, previously limited by the breakay w 
melamine adhesives are superior for outdoor use, ma- hazard, have already been increased 30 percent. | 4 


tics resemble the curves for tensile strength vs. time. The antenna is designed in the form of a pyloi 2, 
B Permanent magnets produced from plastics called because it is light, easy to erect, needs no guy WISH ot 
"Electrets" can serve satisfactorily up to 300 F (see and has minimum surface presented to wind. pi 
article on page 151, this issue). B For the first time, extra high voltage cables a : 
POLYSTYRENE was never produced in large commer- being sheathed in polyethylene instead of lead. Thi 
cial quantities until the huge wartime GR-S synthetic plastic will withstand 138,000 volts and is expect 
rubber program reduced the cost of raw materials. Today, to last at least 40 years. These “compression cable 
polystyrene is the lowest priced thermoplastic molding systems consist of three oil-paper insulated condu 
material. Its price combined with superior electrical prop- tors, each of oval cross-section and protected over 
erties, color possibilities constantly develops new uses. by a metal reinforced polyethylene sheath. 
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STRESS CORROSION of metals has a plastics analogue. 
Cracks appear when plastics are stressed while in contact 
with organic solvents or swelling agents, even if present 
only in traces. February British Plastics reports extensive 
data for tests on plastics, especially acrylics. 


E Unlike metals, where a few or only one crack 
appears, all plastics studied become entirely covered 
by numerous cracks, (300,000 cracks per in.). The 
elongation in the outer skin must apparently reach a 
critical value before cracks appear (0.2 percent for 
acrylics, 1 percent for vinylacrylate copolymer, 3.4 per- 
cent for cellulose acetate. With acrylics, even shallow 
cracks can cause ultimate failure. — 


B Thus, the usual method of testing stress corrosion of 
metals would not be satisfactory for plastics; instead, 
the time elapsing before cracks appear should be 
measured. Apparently, metals are tougher than most 
plastics and the initial deterioration can be neglected 
when heavy stresses are subsequently applied. 


VINYL RESINS, readily available through abundant raw 
materials and easily plasticized, have been stealing the 
thermoplastic show, especially when polystyrene is unsat- 
isfactory because of brittleness. 


W This plastic has established itself in the floor cover- 
ing field. Already, fourteen makes are successfully 
replacing former floor covering materials even though 
the vinyl resin is more expensive per pound than the 
competitive products. The new floor covering is thin- 
ner because of greater durability. 


BA special heat-resistant vinyl tubing has been 
approved by the Underwriters’ Labs for continuous 
Operating temperatures of 220 F. This tubing is dis- 
tinguishable from ordinary vinyl tubing by the presence 
of four ridges running longitudinally. 


STATUS of GR-S synthetic rubber was recently reported 
by John Coe, vice president of U. S. Rubber Co. in the 
February India Rubber World, Mr. Coe stated that GR-S 
will continue to be used in part for tires for a long time 
and if the price remains below that of natural rubber 
the percentage may gradually increase. 


BE Difficult processing is no longer a problem with 
GR-S. The wire and cable industry prefers GR-S 
properties and would use GR-S even if it cost more 
than natural. Tiling, battery, and coated goods manu- 
facturers prefer GR-S, at least while the price is low. 
As chemists continue to improve the GR-S type it 
will steadily have a more promising future. 


NONFERROUS METALS 


ZIRCONIUM AND TITANIUM, light metals with 
obscure backgrounds, are being produced by government 
pilot plants. From experimental data, made possible by 
rst real production of these metals, it appears they will 
be used extensively in aviation. 


E Titanium, half as heavy and twice as strong as unal- 
loyed low-carbon steel, is less than twice the weight of 
aluminum, and is twice as strong per cross-section. 
Unaffected by salt air, it is being tried for pontoons, 
cables and wing coverings by the U. S. Navy. 


D ` ) 
Propuci ENGINEERING - - May, 1948 


E Zirconium, about three times the weight of alu- 
minum but lighter than steel, is expected to compete 
with stainless steel, tantalum and stellite—particularly 
in turbine blades. 


B Small additions of zirconium prevent formation of 
coarse-grained structures in cast magnesium alloys 
without necessity for superheating the molten metal. 


B Since metallurgy has developed the rule of thumb 
that an alloy of a metal is always better than the metal 
itself, development along this line could be revolu- 
tionary. 


IN THE STEADY SEARCH for new material-applica- 
tions, other nonferrous metals are being exploited in 
new directions. There are two excellent examples of 
old materials with new uses. 


E Amalgamated zinc and mercuric oxide electrodes 
have been used to replace zinc-carbon electrodes in dry 
cells. For a given capacity, the cell weighs only one 
half as much as the present dry cell. . . . Since new 
cells cost about twice as much, and because of mer- 
cury scarcity their use may be limited. 


B Where high inertia with small size is desired, bal. 
ance weights made of a new high density alloy, known 
as "Hevimet", can be used. The.alloy— largely cop- 
per, tungsten and nickel—has a density of 17 g per 
cu cm and can be soldered or brazed. 


CHANGES IN PRODUCTION PROCESSES can do 
much to alter specifications made by designers; designers 
can do much to alter production processes. Nonferrous 
metal field reflects this interrelation regularly. 


Bi Reduced weight can be accomplished in new designs 
by specifying aluminum sheet with high stiffness. Ribs 
are rolled directly into the sheet. 


Bi Heat-treatment of aluminum alloy castings has been 
confined to sand-cast and permanent-mold cast parts 
die-cast parts were considered not susceptible to heat- 
treatment. Recent heat-treatment of die-castings has 
improved: mechanical properties, by solution treat- 
ment and aging; dimensional stability, stabilizing; and 
machinability; and has relieved internal stresses, stress 
relief annealing. With its new hardness, the alloy 
has been used to make dies for rubber molding, accord- 
ing to R.A. Quadt, Die Casting. 


B One disadvantage of aluminum is its low modulus 
of elasticity—about 10,300,000 psi—irrespective of 
alloy or form. Recent work, mentioned in Metal 
Industry of London, has shown modulus can be 
increased to 14,200,000 psi by addition of manganese 
and to lesser degree by addition of cobalt or beryl- 
lium. Designers can now use thinner sections for the 
same load. . . . That this discovery is important can 
be seen by ASTM action to initiate additional studies 
of the subject in this country. 


B Aircraft industry needs bigger and better aluminum 
forgings for wing spar caps. Germans had a 30,000 
ton press with 32 ft bed. . . . Biggest American press 
during war was 18,000 tons and 12 ft bed. . .. A 
60,000 ton hydraulic press with 36 ft bed is being 
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developed in United States to make spar cap forgings 
up to 400 in. long. 


ALUMINUM IS BRANCHING OUT in other ways as 
well. Four applications indicate the activity in this field. 


B New English hot plate uses oxidized aluminum 
powder to form the insulating holder for the heating 
clements. As announced in Metal Industry of Lon- 
don, aluminum powder is pressed into an iron cup 
and the heating element grooves are formed as part of 
the same operation. 


W According to Dr. R. J. Lund, mineral economist of 
the Battelle Memorial Institute, over 2,000,000 pre 
fabricated aluminum window frames were used in 
private homes in 1947. 


B The Reynolds Metal Co. is said to be considering 
construction of a 1,000 mile, 10 in. aluminum pipe 
linc for transportation of oil, natural gas and gasolinc 
in Argentina. Also under consideration is an alu 
minum milk bottle, for single use, to replace waxed 
paper type. 


IRON & STEEL 


FULL-SCALE TESTING for brittle behavior of ship 
plate steel was greatly accelerated with the advent of the 
last war. The work has continued since the war, and 
much is being learned of low temperature properties of 


steel 


B Nine ton box girders have shown ductile behavior 
at room temperature and 40 F, but were brittle at 0 
and —45F when made of fully killed steel. A similar 
girder of semi-killed steel displayed brittle behavior 
at room temperature according to L. M. Grover in 
the Welding Engineer. 


E At O F, where the girder broke with a brittle fac- 
ture, conventional Charpy notched bars of the fully 
killed steel showed the wide variation of 12 to 22 
ft-lb. . . . Had the steel been specified as "15 ft-Ib at 
service temperature" and subjected to Charpy tests that 
did not include the 12 ft-lb figure, the steel would 
have been indicated as acceptable. The full-size test 
showed that it wasn't. 


B Full-scale testing of hatch corners for welded ships 
has indicated the effect of design. Room temperature 
tests on hatches from ships that split in service pro- 
duced brittle failure—the "transition temperature for 
brittle behavior" was above room temperature. 


B Using the same steel, but hatch corners radiused in 
two dimensions, another specimen was finally broken 
with a fully ductile fracture. As pointed out by E. P. 
DeGarmo in the Welding Journal, the transition tem- 
perature was below room temperature. Since the steel 
was the same, this shows how design can affect material 
characteristics. 


SMALL-SCALE ‘TESTS are still being used because ot 
their inherent time and material saving qualities. How 
ever, since full-size tests have shown inadequacy of sample 
testing, information gained by conventional specimen 
testing methods is more carefully evaluated. 
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MANY LOW COST STEELS (8600, 1300, 5100, 4000 
and 4100) are replacing more expensive stcels formerly 
used by automobile designers. These changes are being 
made because of information gained by both small and 
large-scale tests done at normal and low temperatures 


WHETHER THE NEWER "SUPER-ALLOYS'" for gi 
turbines are subject to fatigue failure in high-temperatur 
service, or whether the creep characteristics are such th 
the parts will become unusable through distortion, before 
tatigue failure will occur, is a moot question. 


® American Society for Testing Materials points out 
that transition temperatures obtained on tiny speci- 
mens are of qualitative import and energy figures 
cannot be converted into those that would serve for 
design calculations. 


E Properties indicated by uniaxial tensile tests cannot 
be applied to a structural member where biaxial or 
triaxial stress conditions may exist. J. J. Harwood, 
Journal American Society Naval Engineering, says that 
simple notch-impact tests cannot be used to predict 
the toughness and impact properties for a member 
when subjected to service conditions. 


E Fatigue resistance on polished bars is only slightly 
better for tempered martensite than for mixed-tem 
pered (martensite plus bainite) or even-tempered 
(martensite plus ferrite), but notched bar impact 
values show a large penalty for contamination of the 
martensite. Large loss in fatigue resistance comes 4 
surface finish deviates from smooth. 


B Susceptability to low notched bar impact values (or 
even more important than the ft-lb figure, the develop 
ment of brittle type fracture) at low temperature 
varies among steels, even for tempered martensite 
according to W. E. Jominy in S/ee/. 


W That the type of fracture is more important than the 
ft-lb figure is borne out by University of California 
work on ship plate problems. Type of fracture in 
tested plates is used as only, and adequate, criterion 
The conventional notched bar specimen, however, is 
not adequate because of its small restraint upon 
deformation. 


E Some 40 different special high temperature alloys 
have been fatigue-tested to 100,000,000 cycles at 1,200 
and 1,500 F, and P. R. Toolin and N. L. Mochel, 
Proceedings ASTM, have shown that maximum fatigut 
resistance and maximum creep resistance do not g 
together. Wrought material tends to show bette 
fatigue behavior than corresponding cast material. 
















B Endurance strength, as determined in reversed bend 
ing, is enough higher than creep strength, determined 
with steady load, to raise the expectation that failure 
will not be from fatigue. 


BVurbine blade stresses have both steady load and 
vartable-load components. ... If the latter is rel 
tively high, then failure might come from fatigue 


B The test method used does not exactly duplici 
service stress application, but is expected lo place 
ditferent materials in their proper order. 
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Control Board Group 
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Supervisor 





Master Contro! 


Design Coordination Group 


CONTROL BOARD (A) used to post space reservations for all installations in airplane. (B) Organization of master control group. 


A Master Control System 


Organization and operation of a master control system used to check out de- 
sign interferences before the release of production drawings to the shop. 











JOHN SAVAGE 


Supervisor of Master Control 
The Glenn L. Martin Company 







TO DESIGN A LARGE AIRPLANE for pro- 
duction within a reasonable length of 
time, 300 to 400 designers must spend 
from 500,000 to 1,000,000 man hours 
to produce the tens of thousands of 
drawings the factory needs to manu- 
facture the airplane. One of the most 
dificult problems the designers face 
is to fit hundreds of separate installa- 
tions into a restricted space in such a 
way that the desirable features of 
aerodynamic cleanliness, structural ef- 
ficiency, efficient operation of equip- 
ment, ease of servicing and mainte- 
nance, and low production cost are 
in ng balance. Another problem, 
created by the presence of many de- 
signers working on one project is to 
coordinate the efforts a all design 
groups to maintain an efficient organ- 
zation. At the Glenn L. Martin 
Company, a master control system has 
deen developed to weed out design 
interferences and also function as a 
design information center. 

This system can be modified for 
ue by engineering departments work- 
In? on ship design, locomotive design, 
plant layout or any other project em- 
bracing similar conditions. 

Most aircraft engineering depart- 




































ments include structures design groups, 
and mechanical design and installa- 
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tion groups. Aircraft structure is de- 
termined by aerodynamic overall 
strength requirements for the airplane 
as well as operational requirements 
such as provision for cargo space, space 
for landing gear retraction, installa- 
tion of armament, etc. However, once 
structure has been determined during 
the initial design stage, it becomes 
increasingly difficult to change it to 
accommodate the special requirements 
of the various installations. Conse- 
quently, during the initial design 
stages, it is important that the struc- 
tures groups and the equipment 
installation groups are informed 
promptly of all design decisions or 
design changes that may adversely 
affect the quality of their designs. In 
addition, it is the combined responsi- 
bility of these groups to make sure 
there will be no interferences among 
the various equipment installations or 
between equipment installations and 
structures when the ship is built. These 
interferences can be costly when meas- 
ured in terms of shop and engineering 
labor, material losses and schedule de- 
lays. By controlling the allocation of 
all space within the outside contours 
of the aircraft and by checking for 
all interferences before the drawings 
are released for production, these 
losses can be greatly reduced. The 
necessary controls are applied by the 
master control group through the mas- 
ter control system. 











Moster Loyout Group 


The master control group is or- 
ganized as shown above, ud consists 
of the supervisor of master control, 
the control group, and the master lay- 
out drawing group. Each group is 
organized and operates as follows: 


Control Board Group 


The function of the control board 
group is to record the space reserved 
for all equipment installations and to 
notify the design groups of the exist- 
ence of all potential interferences. 
The tool of this group is the control 
board shown above. The control 
board serves as a visual record of all 
space reservations. The information 
appearing on the board is assembled 
in the following manner. 

As soon as a design project enters 
the active design stage, the control 
board group sets up the control board, 
which is a quarter-scale photographic 
reproduction of the side elevation of 
the airplane (reproduced from a pre- 
liminary inboard profile drawing). On 
the board they mark off fuselage sta- 
tions (vertical reference lines) and 
water lines (horizontal reference 
lines). From preliminary data, 
mock-up drawings and scheduled items, 
they estimate the amount of space oc- 
cupied by each installation. This in- 
formation is listed on white cardboard 
disks (bubbles) stapled to the board 
in the approximate center of the posi- 
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Station line -“Y” 
coordinate ~~ 


Fig. 1 





-Water line “z 
coordinate 


- -Projection of 
boundary space 
on inboard 
profile plane 


„< Boundary 
space for 
installation 


as board showing 
; section through "e 


on cenfer/ine ( /nbooa 
profile ) 


"Buff line" coordinates 


Graphical explanation of coordinate system used to define space occupied by each 


installation. All space coordinates are recorded on colored bubbles on the control board. 


MASTER LAYOUT CONTROL BOARD RESERVATION 
(9 Copies Required) 


Layout or Dwg. No. 21 65072 003 
Title Navivators table 


Version Pul 


installation and assembly 


Date 20 i'ay 19 Group — Equipnent 
layout or Drafteman  '. 3. íelly Post No. 51h 


Location 


Installation 


Fuse. Sta., (Fwd.) 70.75 to (Aft) 155.25 
of B.L. or Wing Ste.: (Inbd.) 9,5 


to (Outbd.) 3205 


W.L.: (Lower) 29.15 to (Upper) 47.875 


Check () Side of Plane: Left @& , Center » Right 


CONTROL BOARD ENGINEER'S RECORD 


of 


Apparent Interferences With This Installation 


Marsheck | Control box C=89A/APA-5 


Marsheck |Loran receiver APX- 


Control Board Engineer E. i. Storma 


Signature - (Layout or Drafteman 


We Re Kelly 


21 4089 048 
21 6099 02 


Dates 20 Nay 1947 


Date; 20 May 1947 


Fig. 2—Control board space reservation form to record installation space required. 


tion in which the final installation will 
appear. The board is two-dimen- 
sional; however, space is shown by 
“X”, “Y”, and “Z” coordinates on the 
bubbles, thereby indicating the third 
dimension necessary to indicate an 
interference. Although the board does 
not show the wing and tail, installa- 
tions in these components appear on 
the board at their proper “Y” and 
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“Z” coordinate locations as shown in 
Fig. 1. 

The board, at this stage, lists all 
tentative installations and the space 
occupied by each installation. The 
master control group, by checking all 
space data, determine if any inter- 
ferences exist and notify the design 
groups affected. However, the set-up 
on the control board must be changed 


as soon as the design groups swing 
into action. 

As soon as installations are assigned 
to individual draftsmen, space assign. 
ments listed on the board begin to 
change. Immediately after startin 
an installation, each draftsman fills 
out the upper portion of a space reser. 
vation form (see Fig. 2). The infor. 
mation is taken off and put on a col- 
ored disk, which replaces the white 
disk already posted on the board. Red 
disks or bubbles are used for items 
installed on the port side of the air. 
plane, green bubbles for items on the 
starboard side, and yellow bubbles for 
items on both sides or crossing the 
centerline. Cellulose tape in the same 
colors is used to represent items run. 
ning throughout the airplane, such 
as ducts, conduits, cables and hydraulic 
lines. 

If the control board group discovers 
a new installation that interferes with 
an existing installation or installations, 
the lower portion of the reservation 
form (Fig. 2) is filled out and re 
turned to the draftsman who can check 
with the individuals listed on the form 
and work out a solution. Frequently, 
no actual interference exists because 
the installations rarely occupy all the 
space allotted to them; however, by 
pointing out the likelihood of the in- 
terference, the control board group in- 
sures all the design groups against the 
possibility of creating any actual in 
terferences. 

To make sure it has recorded all in- 
stallations and has received space res- 
ervations from all individuals, the 
control board group has two checks 
First, if white bubbles remain on the 
board after the design is well along, 
it is an indication that proper space 
reservation has not been made. The 
control engineers can then check the 
design group affected to find out the 
cause for the delay in registering the 
information, and do something to 
remedy the situation. Second, to 
check themselves, all check prints and 
released drawings are examined to se 
if they contain any installations not 
noted previously on the board. Should 
they find an installation not recorded 

reviously, they make up a white bub: 
Die. post it, and follow through as al: 
ready described. 

Formerly, the control board group 
spent quite a bit of time examining 
space reservations for interferences. At 
the present time the operation is per 
formed using IBM machines. All in- 
stallations and their space coordinates 
are noted on space reservation cards 
(Fig. 3). To check for interferences 
when a new installation is posted, the 
control engineer need only make up 4 
new card, feed it into the machine and 
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pick up the cards showing the other 
installations that interfere. The time 


saved by using IBM is appreciable. 
Design Coordination Group 


It should be noted that structure was 
not mentioned in the foregoing discus- 
son about the control board group. 
This was an intentional omission. Al- 
though the control board group does 
list definite items of structure such as 
wing Spars, wheel well beams and bulk- 
heads, it is very difficult to define the 
space occupied by many items of struc- 
ture. Nevertheless, in order to main- 
uin effective space control, the system 
must work for structure as well as 
equipment. This is done through the 
design coordination group. 

At the start of a new design project, 
the control engineers make up a struc- 
tural setup record book and list all dis- 
tinct 2 separate structural compo- 
nents in the airplane, using the same 
sources of preliminary design data as 
the control board group. A typical page 
from the book is shown in Fig. 4. Fol- 
lowing this, the control engineers con- 
tat all design groups and list the 
installations and parts that are likely 
to affect the design of each item of 
structure. At the same time they ob- 
tain specific requirements relative to 
the accessibility, maintenance and lubri- 
ation of each piece of installed equip- 
ment. The ie is entered on 
the structures form (Fig. 4) and copies 
of the structural set-up book are dis- 
tributed to all design groups. Needless 
to say, the design coordination control 
engineers must circulate among all 
groups to maintain the effectiveness of 
the information. 

Design coordination checks are made 
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every day and revisions or additions 
are noted and entered in the record 
book. These checks are made con- 
tinuously from the start of the engi- 
neering schedule to the end. 

As a final check on all structure and 
to verify the information obtained pre- 
viously, the design coordinator checks 
the released drawings and cross checks 
with the control board engineers to 
determine if any information has been 
omitted from the record. At the end 
of a project the structural set-up book 
contains the history of all structure and 
the changes that affected the final de- 
sign. This record is used frequently 
for back checking and clarifying de- 
sign discussions. 

Design coordination is painstaking 
work, but is effective because it fur- 
nishes the various design groups with 
information that enables them to de- 
velop their designs effectively. It also 
reduces the amount of design time lost 
through rework of designs and adds 
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Typical structures form appearing in structural set-up book. Book is used as a 
a permanent record of main design decisions. 


to the efficiency when a large number 
of designers are engaged on one 
tightly scheduled project. 


Master Layout Drawing Group 


So far, the controls, which have been 
discussed, are not absolute. The con- 
trol board group points out apparent 
equipment installation interferences, 
but does not take an active part in de- 
signing to avoid these nali In 
like manner, the design coordination 
group points out to the structural de- 
signers, the various installations that 
are likely to influence the design of 
the structure, but does not control the 
design process beyond this point. It 
is evident some additional control must 
be used to make certain that the final 
designs, released to the shop, are co- 
ordinated. The final control is realized 
through the activities of the master 
layout drawing group. 

As the various installations are com- 
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IBM space reservation card used to check space interferences. IBM avoids use of engineering manpower for routine checking. 
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Fig. 5 


Fig. 6 


pleted, the master layout group pre- 
pares master layout drawings. These 
drawings show all the installations in 
the airplane in plan view, side eleva- 
tion and in section views. All the 
drafting is done on white surfaced 
metal sheets, drawn one-quarter scale. 
All dimensions shown on the drawings 
may be scaled directly and are accurate 
to 0.0125 in. or a full scale accuracy 
of 0.050 in. The entire plan view of 
the airplane is done on one drawing, 
the side elevation on another, and the 
section views through the fuselage, 
wing and tail surfaces on separate 
sheets. The section views show only 
the equipment installed between the 
cut section and one frame or station 
spacing forward of the section. 

At the same time the master layout 
drawings are being prepared, the loft 
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i VARIABLE INK 
STABILIZER 2 


Ve CABLES 


is preparing full-size drawings, on 
metal, of all framing structure. 

Using the lofts of the aircraft struc- 
ture, the photo reproduction department 
prepares quarter-size positive prints of 
the lofted structure on thin glass-lami- 
nate sheets. The semi-transparent 
sheets are then used as overlays and 
are superimposed on the master layout 
drawings to check all points of inter- 
ference between the various installa- 
tions and the basic structure. A typical 
loft of a section view taken through 
the fuselage is shown in Fig. 5, and 
the master layout is shown in Fig. 6. 
This method of using an overlay and 
master layout gives a quick visual in- 
terference check. 

By checking all installations, the 
master layout control group concludes 
the activities of the three space control 


Typical loft drawing on metal of section view through fuselage. Loft is reproduced on semi-transparent glass laminate overlay 


" 


MASTER 
LAYOUT 


Ll 


Transparency of loft drawing is placed over this installation layout to check out all structure and installation interference. 


groups. The drawings are released for 
production and the engineering depart 
ments can be reasonably certain that 
no serious interferences will be dis 
covered during the fabrication and as 
sembly of the numerous aircraft com 
ponents. i 

Although the master layout contro! 
system involves considerable pape 
work and drafting, the actual number 
of personnel required to maintain the 
system is small. Assuming the costs of 
materials per man, and the overhead 
rate, per man, are the same as for the 
rest of the engineering department, the 
cost of the system amounts to approx 
mately 2 percent of the total engineer 
ing cost of each project. This cost i5 
more than offset by the savings realized 
through the operation of the master 
control system. 
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Power and control 


wiring details. Design factors and installation require- 


ments for efficient machine performance, 


trouble free operation and attractive appearance. 





Sequence of 


Design Procedure 


SR Mare 
Pee ee fi 
V. 





Local codes governing the installation of electrical equipment and 
wiring contain many special regulations, therefore, designers of elec- 
trically operated machines should acquaint themselves with the 
codes in force at the place where the machines are to be installed. 


COOPERATION AND FREQUENT CON- 
SULTATION between the mechanical 
designer and the electrical applications 
engineer is necessary to 2* a well 
integrated motor driven machine. 
Power and control wiring details must 
be studied all during the design of 
the machine in order to obtain effi 
cient machine performance, trouble 
free operation, presentable appearance, 
and low-cost 

The mechanical designer and the 
electrical applications engineer can 
facilitate design when an orderly pro- 
cedure is followed 

1. Layout main operating parts 
of machine. Indicate directions and 
lengths of travel of moving parts, 
speeds of traversing and rotating parts, 
and magnitudes and directions of loads 
or torques. 

2. Calculate power required to move 
parts and do work. 

3. List in sequence the desired op- 
erations and cycling of mechanical 
parts. 

4. Enumerate what parts of machine 
are to be driven mechanically, elec- 
trically, or hydraulically. 

5. Determine number of motors to 
be used, their power, speed rating and 
type, and their disposition on machine. 

6. Decide on mechanical, electrical 
or hydraulic method for controlling 
sequence of operation of machine parts 
and for limiting movement of parts. 

List electrical accessories needed 
for control of motors and movements 
of machine parts. Factors that influ- 
ence the selection of control devices 
are: 

(a) Starting initiated manually by 

operator 

(b) Starting initiated automatically 

to coincide with position of a 
machine part, with the posi- 
tion of a mechanical interlock, 


(c) 


(d) 


with a measured time period, 
with a limiting gas or hy- 
draulic pressure, or with the 
occurrence of a limiting tem- 
perature. 

Frequency of starting the ma 
chine. 

Magnitude of starting torque 
required to accelerate WR? of 
machine and load. 

Time required for starting. 
Work cycle of machine: 
Continuous or intermittent. 
Machine speed:—Single con- 
stant speed, more than one con- 
stant speed, adjustable speed, 


and permissible variation of 


speed under load. 








Operation in one or two dire. 
tions. If two, frequency of re. 
versal. Reversing required onl 
for emergency or for setting w 
machine. i 

(i) Stopping initiated manually by 

operator. 

(j) Stopping initiated by an aut 

matic device. 

(k) Quick stop required in Oper; 

tion or for emergency. 

(1) Accurate stop required in op 

peration. 

(m) Brake needed to hold machir 

stationary after stopping. 

(n) Protection required for moto: 

machine and operator fron 
overload, open field, opa 
phase, reversed phase, ove: 
travel and overspeed. 

8. Decide what accessories shoul 
be grouped in control cabinet or com 
partment and what accessories mu 
be mounted on machine. 

9. Determine size of cabinet 
compartment needed for grouped ani 
individual control accessories 

10. Provide compartment space in 
machine to mount grouped controls 
or surfaces to mount cabinets and in 
dividually housed units. 

11. Calculate size and number o 
conductor wires needed for control and 
load circuits. 

12. Decide on arrangement and 
grouping of control and load cn 
ductors. 

13. Establish size and location o 
conduits and raceways to receive cr 
trol and load conductors, and method 
of fastening to machine frame. 
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Design development layout of motor driven milling machine in 
the engineering department of Kearney & Trecker Company. 
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Armature acceleration 
Armature shunt 
Auto-transformer . 
BEN A aon dew as 
Capacitor 

Control 

Control switch 

Door switch 

Down .. 

Dynamic braking . 
Field acceleration . 
Field deceleration 
Field dynamic braking 
Field failure 

Field reversing . 
Field weakening 
Forward 

Full field 


Generator field . 
High speed ... 
Hoist 

Nis 

Kick off . 


Limit switch . 
Line contactor 
Lowering .. 
Low speed . 
Low torque . 


Low voltage .... 


Master switch ,.... 


Maximum torque 
Motor field . . 
Overload ... 
Overspeed ... 
Pilot motor 


Pushbutton 
Resistor 
Reverse .... 
Series relay 
Slow down 
Switch 
Thermostat 


Undervoltage . . 
Voltage relay 


Wiring Diagrams 


INTERCONNECTION of control de- 
vices with power supply branches and 
electrical accessory units mounted on 
the machine are shown on wiring 
agrams. They serve four purposes: 
l Engineering department records. 
2. Instructions for wiring control 
‘quipment mounted on control panels. 
„3. Instructions for wiring the de- 
vices on a control panel to control 
acessories mounted on the machine. 
4. Chart to be used in checking, 
‘sting and maintaining the perform- 
‘nce of control devices. Data given 
n wiring diagrams are the most 
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valuable information that can be sup- 
plied to maintenance men to assist 
them in trouble shooting. 

All information given on these 
diagrams is needed to specify control 


elements, power wiring, control wir- 


ing and the sequence of their connec- 


tions. 


Data recorded includes: 

Voltage and frequency of required 
power supply; 

Ratings of motors, transformers and 


other power apparatus; 


_ Ratings and types of circuit breakers, 
fuses and switches; 


Number and type of auxiliary 
switches required to perform the de- 
sired operations ; 

Size, number and type of intercon- 
necting conductors ; 

Function of each contactor, relay, 
and other electrical devices; 

Terminal markings needed to iden- 
tify individual circuits. 

Each symbol used on a wiring di- 
agram should represent only one cir- 
cuit element. Standardized symbols 
are given in the American Standard 
Z 32.3-1946, "Graphical Symbols for 
Electric Power and Control," issued 
by American Standards Association. 

Letter designations are used on 
diagrams in connection with symbols 
to indicate the function or use of the 
particular device. When more than 
one device of the same function is 
used, a numerical prefix is added to 
the device marking. 

Electrical drafting symbols and con- 
ventions used on wiring diagrams are 
valuable aids in determining quickly 
the sequence of operation and per- 
formance of electrical controls and 
accessories. 
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O OMMENDED BY NATIONAL MACHINE TOOL BUILDERS ASSOCIATION 
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One Line 


Diagrams 


ONE LINE DIAGRAMS specify data con- 
cerning the main units of electrical 
equipment and accessories required to 
operate the machine. Such diagrams 
are helpful in preliminary design and 
in negotiating with manufacturers of 
control equipment. One line diagrams 
are simple sketches drawn up in sche- 
matic form and omit circuit details; 
they record information such as: 

Voltage and frequency of power 
sources ; 

Main power and auxiliary power 
Circuits ; 

Ratings of motors, transformers, 
heating units and other electrically op- 
erated parts; 

Metering equipment required; 


* 


* protection 
power line 
Motor Circuit and Controls 
Cutout Dj Sump heating 
t ; 
— Fuse. € i - unit, 4000 warts. 
y 


, 
Single phase, T 
220 voit line Wheel heating 
unit, 500 watts 


Heater Units and Controls 


Solenoid 
Magnetic switch, operated brake, 
Cutout Fuse Pilot closed when 4000 watts. 
switch * lamp. motor is energized y 







/ 
Sing/e phase, *- Cam operated 
220 volt line limit switch 


Brake Unit and Controls 


ONE LINE DIAGRAM OF MACHINE CIRCUITS 


Type, rating and number of ment shown on the one line diagram 
switches, starters and push button sta- the electrical engineer decides what 
tions required ; devices are necessary to obtain the 

Motor and other protection required. functions required in operation and 

From the over-all assembly of equip- prepares an elementary diagram 


Elementary Diagrams 


5 4 9 
OLI Di2 Di3 





SCHEME OF CONTROL and the plan for connecting the dif 
ferent devices needed in a circuit are generally shown on 
elementary diagrams. These diagrams give prominence to 
the device elements in a circuit and their functional rela 
tion, rather than their physical arrangement or location ir 
relation to each other in the circuit. 

Elementary diagrams are concerned with the element: 
of devices and their electrical interconnections, therefore 
the symbols used represent device elements rather than com: 
plete devices. 

Circuits are usually shown connected to parallel lines o: 
opposite polarity of the emf source. 


Sequence of functions are shown by the sequence at 
rangement of the device symbols. When, to simplify the 
diagram and to obtain clearness, parts of a device are 
separated and shown in different portions of the diagram 
the separated elements are identified by the same letter 
symbols. 

Elementary diagrams provide a means for determining 
in detail the number and type of devices needed to per 
form the control functions required. Details shown on 
these diagrams include: 


Type and number of switches required ; 


5 6 - * — 
` 2SW ry ru 2SW Type and number of auxiliary relays required to perfor 
o 0 necessary functions ; 
Number and rating of fuses; 
Stop — Sequence of operation of controls. 
^ |l od rl mac Q Elementary diagrams serve as a basis in the preparation 
MR OL OL of connection and interconnection diagrams that specil 
how wiring should be installed. In addition, elementary 
Elementary Diagram of Machine Circuits diagrams are helpful in testing and inspection operations. 
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‘Sump heat unit 
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“Limit switch 


Connection 
Diagrams 


CONNECTION | DIAGRAMS show the 
physical arrangement of the devices in 
| Circuit and accessory items in rela- 
uon to each other, with enough detail 

) indicate the arrangement of wires 
ind their terminal connections. Such 
llagrams generally do not give enough 
nformation to trace circuits through 
levice elements. 

Connection diagrams are more pic 
orial than one line and elementary 
lagrams. Devices are shown in their 
ipproximate form and are presented 
0 indicate all terminals to which con- 
nections are to be made. 

Numbers assigned to terminals of 
levices and accessories correspond 
vith numbers assigned on the elemen- 
tary diagram. 

Trunk lines are used to indicate 
multiwire conductors and wires car- 
tied in a common conduit or raceway. 

Conductors are identified at each 
end, or in a break in the line near the 
levice terminal, by numbers. 

Devices that are mounted on panels 
t contained in separate housings are 
own inside broken lines that repre- 


*nt the outline of the respective panel 
Or hous; lg 
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Connection Diagram of Machine Circuits 
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Insulated Electrical 


Conductors, 


SOLID WIRE CONDUCTOR is preferable 
to other types if it is not akioa to 
frequent bending or excessive vibra- 
tion, nor pulled through conduit con- 
taining many bends. Solid wire con- 
ductor is cheaper, has a better space 
factor, and “stays put" better than 
stranded cable. 

Stranded conductor is used when a 
flexible conductor is needed both dur- 
ing and after installation. For a given 
size, flexibility increases with the num- 
ber of wires in the strand. Strandings 
commonly used are of two types: Con- 
centric, and rope. 

Rope stranding, since its arrange- 
ment permits more movement of the 
wires in flexing, is more flexible than 
concentric stranding. Because the in- 
dividual wires are stretched less when 
the conductor is bent, the fatigue life 
is greater. Rope strand is used for 
sheathed cords and cables, apparatus 
cable, portable conductors, and similar 
applications. 

Four distinct types of insulation are 
generally used for electrical wire and 
cable. Rubber insulation, synthetic 
plastic insulation, varnished cambric, 
and asbestos 


RUBBER INSULATIONS 
Rubber 


non-hygroscopic, 


insulation is flexible and 
but deteriorates at 


120 


600 Volts 


comparatively low temperatures when 
attacked by ozone and oil. Rubber in- 
sulated wire can be used where it is 
relatively easy to protect it in tight 
or sealed conduit against splashing oil. 

Code rubber (N.E.C. Type R) is 
used for applications having low elec- 
trical and mechanical stresses, and is 
satisfactory for open wiring up to 
operating temperatures of 122 F. Code 
rubber should not be used in wet loca- 
tions and where subject to high humid- 
ity, unless lead covered. 

Performance grade (Type RP) 
meets higher electrical, physical, and 
aging requirements than Code rubber. 
Maximum operating temperature is 
140 F. 

Heat-resistant grade (N.E.C. Type 
RH) is a compound processed to with- 
stand operating temperatures up to 
75 C (167F). It is recommended for 
use when its cost can be justified for 
high temperature service and current 
carrying capacity. 

Moisture-resistant grade (N.E.C. 
Type RW) is specially designed for 
use in wet locations without lead sheath 
protection. This type of insulation is 
used where there is danger of mois- 
ture condensation in the conduit. Max- 
imum operating copper temperature is 
60 C (140 F). 

Heat resistant, N.E.C. Type RHT, 
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was developed for wires of small di. 
ameter in sizes 14 to 8. Maximum 
operating temperature is 75C (167 F) 










SYNTHETIC PLASTIC INSULATIONS 


Two special advantages synthetic 
plastic insulations have for electrical 
conductors are: Smaller in diamete 
for a given wire size, which permit 
either smaller conduit or more wire: 
in a given size of conduit; and because 
of their slick surface, they are easier 
to pull through conduit. 

Polyvinyl chloride insulation i: 
brittle at low temperatures and has: 
degree of cold flow that limits its us 
at higher than normal temperatures 

Synthetic compound insulations cor. 
ered by ASTM Standards D734-43T 
are oil resisting and slow burning mate. 
rials. N.E.C. Types T and TW ar 
free stripping. They have high d 
electric strength, high abrasion resist 
ance, flame resistance, chemical resist- 
ance to acids and solvents, and low 
moisture absorption. Type TW is par 
ticularly moisture-resistant and can b 
used in wet locations without lex 
sheath. Maximum operating temper: 
tures for both types is 60C (140F 























VARNISHED CAMBRIC INSULATION 


Varnished cambric as an insulation 
for electrical conductors has a highe 
temperature rating, higher curret 
carrying capacity, and greater resis: 
ance to ozone and oil than ordina 
rubber compounds. Its disadvantage: 
are less flexibility and higher hygro 
scopicity. Where comparatively hig 
electrical stresses are encountered along 
with high temperature, it is customar 
to apply varnished cambric over the 
conductor followed by a layer of s 
bestos. 

Varnish cambric cable is insulated 
with tapes of varnished cambric wrap 
ped around the conductor with 1 
"slipper" compound between the lay 
ers to improve flexibility. 

Varnished carnbric is no! 
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proof and should be lead covered when 
used in conduits subject to conden- 
sation. 


ASBESTOS INSULATION 


Asbestos insulation is used for 
special applications, particularly in hot 
locations. 

Asbestos insulated wires, cables and 
cords are constructed in many types to 
resist heat and moisture, oil, grease, 
corrosive fumes and flame. Maxi- 
mum operating temperatures range 
from 194 to 392 F. Their field of ap- 


Code-grade rubber 


IDENTIFIED CONDUCTORS 


Single insulated conductors and 
individual conductors in multi-con- 
ductors are finished in a color or com- 
bination of colors to make possible the 
identification of circuit conductors. 

Color coding scheme as recom- 
mended by the National Machine Tool 
Builders' Association is: 

Black or gray for line and load 
circuits a-c or d-c power. 

Red for a-c control circuits at line 
voltage. 

Orange for a-c control circuits at 
lower than line voltage. 

Blue for d-c control circuits. 


The National Electrical Code re- 


Outer 
Insulation Covering 





| Moisture-resistant and 
flame retardant 
covering 


fibrous 


quires that conductors shall be iden- 
tified, either by color code or by other 
distinctive means. White or natural 
gray coloring shall be used only for a 
grounded conductor, and green only 
for a conductor used to ground the 
frame of equipment. 

Use of color codes is an individual 
problem. The availability of syn- 
thetic insulated wire in colors has pro- 
moted the increased use of color codes. 

Codes using many different colored 
insulations simplify the tracing of 
wires, but make necessary a larger 
stock of wire than is needed where 
numbered or lettered tags are attached 
to wires all of one color. 


Max. 
Operating 
l'emp. 


60C, 140! 


General 




















| resistant thermoplastic 


Moisture-resistant rubber 


Performance—grade rub 
Heat-resistant grade rub 
ber | 
Heat-resistant grade rub-| 


90 percent unmilled grain-| 
less rubber | 
Impregnated asbestos and 
varnished cambric | 
Impregnated asbestos and 
varnished cambric 

Same as AVA 


Felted Asbestos 


Impregnated felted ashes 


I 
Flame retardant thermo 


plastic compound 


Flame retardant moisture} 
| 


Thermoplastic and asbes 


on i PT 
has af, plication includes power cable, motor 
its ue lead and apparatus cable, switchboard 
atures wire and wiring for rheostats. 
ns Cov- 
54-437 
mate 
W ar 
gh di 
resist | 
resist- [ype | Trade | 
d low Letter | Name 
is par- B Ee | 
can be R | Code Rubber 
t lead 
mperi- ò . 4 
1 * RW Moisture-resistant Rubber 
RP Performance 
ON ber 
ulation RH Heat-resistant rubber 
higher RHT Small—diameter building 
current wire ber 
resist RU | Latex Rubber 
edina AVA | Asbestos varnished cam- 
antages | bric | 
hygro YN B Asbestos and varnished] 
ly high cambric 
i along AVI Asbestos and varnished 
3 cambric 
stoma} A Asbestos 
ver tne | 
of as | 
A] | Impregnated asbestos | 
] | | tos 
:sulatec 
c wrap T Thermoplastic 
with ! 
the lay 
rW Moisture-resistant ther- 
waler moplastic 
TA Thermoplastic and asbes 
a tos | tos 
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Moisture-resist-flame- 

retardant fibrous covering 
Moisture-resistant flame- 
retardant fibrous covering| 
Moisture-resistant flame- 
retardant fibrous covering| 
Moisture-resistant flame- 
retardant fibrous covering 
Moisture-resistant flame- 
retardant fibrous covering| 
Asbestos braid | 


Flame-retardant cotton] 





| braid 


I ead sheath 


With or without asbestos 
braid 


With or without asbestos 


braid 


None 


General use or in wet 
locations 


General 


General 


General in sizes 14-8 | 
Rewiring existing race 

ways only 

General use, dry loca 

tions 


General use, dry loca 
tions 
General use, wet loca-| 
tions 


Dry locations only. Not| 
for general conduit un-| 
stallations | 
Dry locations only. Not| 
for general conduit in 
stallations 


14 to 


( x nte ral use No. 

| 4/0 inc. Open work 
No. 14 to 2,000,000 
C. M. | 


None 


Flame retardant — 


braid 


General use and wet lo-| 
cations. No. 14 to 4/0 
inc. Open work No. 14 
to 2,000,000 C.M 


Switchboard wiring only) 
| 


| 


60C, 140F 
60C, 140F 
75C, 167F 


| 75C, 167F 


60C, 140F 
110C, 230F 
'0C, 194F 
110€, 2301 


200€. 3921 


125C, 257F 


60C, 1401 
60C, 140} 
90C, 194] 











































Size of Conductors 


FACTORS THAT DETERMINE the proper 


size of a conductor are: 
1. Full-load current rating of con- 
nected motors and electrical devices. 


) 


Service classification and time rat- 
ing of connected motors. 

3. Permissible voltage drop. 

i. Ambient temperature and con- 
luctor temperature. 

5. Number of 


luit or raceway 


conductors in con 


6 Properties of materials used for 
insulation of conductor. 

Branch 
ply an 
duty are required by the National Ele 
tric Code to have a current carrying 
apacity not less than 125 percent of 
the motor full-load current rating 

Conductors for 


ircuit conductors that sup- 


individual motor on continuous 


motors used for 
short-time, intermittent, periodic, Or 
varying duty may have a carrying € apac- 
ity not less than the percentage of the 
motor name-plate current J as 
shown in the accompanying table, un 
less the authority enforcing the code 
erants special permission for conduc 
tors of smaller size 

Conductors that supply two or more 
motors are required to have a current 
arrying Capacity of not less than 125 
percent of the full-load rating of the 
highest rated motor in the group plus 
the sum of the full-load current ratings 
of the remainder of the motors in the 
group 

Where a reduced heating of the con- 





12? 


ductors results from motors operating 
on duty cycle, intermittently, or from 
all motors not operating at one time, 
enforcing authorities may grant per- 
mission for feeder conductors of suf- 
ficient carrying capacity for the maxi- 
mum load determined by the sizes and 
number of motors supplied and the 
character of their loads and duties. 

Allowable current carrying capacities 
for insulated copper conductors in a 
raceway or conduit, shown in the ac- 
companying table, are specified by the 
1947 National Flectric Code. 

For aluminum conductors, the al 
lowable current carrying cap: acities are 
84 percent of those given in the table 
for coppe: conductors 

When the 
within 10 degrees C 


room temperature is 


of the maximum 


5 Minute 


Service Classification Rating 


Short-time eC EN 110 
Intermittent duty.......... 85 
Penodie duty ..... ovo ees 85 
Varying dutv............. 110 


PUSSIES Bs 


x VÀ cts obi ag so mi 


NEOPRENE JACKET CORD 


— — — — — 


AVA TYPE INSULATED WIRE 


allowable operating temperature of the 


insulation, it is desirable to use an in- 
sulation with a higher maximum al. 
lowable operating temperature. 
Allowable current carrying capaci 
ties as given in the tables are based 
on temperature alone and do not take 
voltage drop into consideration. 
Conductors, whether solid or 
stranded, should not be smaller than 
No. 14 when used to supply motors 
rated more than 1 hp. Conductors 
not smaller than No. 18 should be 
used to supply fractional hp motors. 
Conductors No. 6 and larger, in- 
stalled in raceways, should be stranded 
except when used as bus bars. 
Circuit and control conductors of 
Copper on or in machine tools should 
not be smaller than No. 14 except 
when: (A) They are used for control 
purposes to continuously moving parts; 
for this purpose No. 16 may be used 
if insulated for the maximum voltage 
of any conductor in the cable or tub- 
ing. (B) They are conductors to elec- 
trenic and precision devices; for this 
purpose No. 20 may be used, except 
if pulled into raceways where No. 18 
is the smallest size of conductor that 
may be used 
Machine Tool Electrical Standards 
of the National Machine Tool Build- 
ers’ Association requires that All 
wiring shall have 600 volt insulation 


15 Minute 30 and 60 Continu 

Rating Minute Rating Rating 
120 150 

RS X) 140 

x) 95 140 

120 150 200 
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Pre 


a of Underwriters’ approved varnished 
cambric or synthetic compound, ex- 
cept under the following conditions: 

(a) Where subject to oil, coolant, 


" 


shall be not less than 3/64 in. thick, 
except that 2/64 in. thickness may be 
used for: (1) 110 volt circuits, (2) 
power circuits 600 volts or less in non- 


(b) Where required by ambient 
conditions, other insulating materials 
may be used. Special insulation shall 
be used for conductors flexed at tem- 








- moisture, or vapor, synthetic com- peratures below —10C. metallic  multi-conductor, flexible 
d ff pound insulation is required. (c) Synthetic compound insulation — cables. 
e 
yr 
n 
rs 
rs 
Xe 
à; Values given are based on not more than three conductors in a raceway or conduit. For 4 to 6 conductors in con- 
n- duit, reduce the values given by 20 percent. For 7 to 9 conductors in conduit, reduce values given by 20 percent. 
d f — — — — 
Current, Amp: When Temperature is Not More Than 30C or 86F. 
0 — — " om * : 
ld Wire Size, | | | 
pt AWG Types T, Types Types Paper, | Types Types | Types 
d TW, R, RW, RH [A, AVB, | AVA and | AI (14-8), | A (14-8), 
9 RU (12-4 | V | AVL AIA | AA 
9, | | 
ed — | — - ~ — = ———————— 
pe : | 2 ^ | s n 
i t l | l | 2 | 0 | 30 30 
ID- 2 20 20 30 35 | 40 40 
ec- 10 0 | 30 40 t5 | 50 55 
his S 10 45 50 60 65 70 
opt " 2 65 | 70 | 30 g5 
18 4 70 | g5 | 90 10 | 115 120 
hat 3 «0 100 105 120 130 14 
2 )5 115 120 13 145 0 
rds l 10 130 140 160 170 | 90 
] 
Id- 1/0 125 150 155 190 | 200 22 
All 20 145 175 185 215 | 230 250 
ton 3/0 165 200 210 245 | 265 285 
4/0 | 195 30 235 27 +10 £O 
———— — — — — — — — — — — — — — — — — — 9 
Temperature | Correction Factors When Ambient Temperature Exceeds 30C or 86F. 
E . | 
| | | | | 
40 104 U SZ O 8X 0 90 0.94 0 95$ 
45 113 ).71 0.82 0.85 | 0.90 0.92 
50 122 ) 58 0 75 0 80 | 0.87 | 0.89 
55 131 ) 4] 0 67 0 74 0.83 0. 8¢ 
60 140 0 58 0.67 0.79 0.83 0.91 
70 | 158 | 0 35 0.52 0.71 0.76 0.87 
75 167 | 0.43 0 6t 0.72 0.86 
80 176 0.30 0.61 0.69 0.84 
90 194 | 0 50 0.61 0.80 
100 212 0.51 0.77 
120 | 248 | 0 69 
140 | 284 | 0 59 
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Maximum Operating Temperatures for Conductor Insulations are: 
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Types R, RW, T, TW, RU; 60C, 140F. 


Type RH; 75C, 167F 
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MEX 
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Watertight connector for 
electrical metallic tubing. 


Screw -—-. 
Cover - -~ 
^ 


Tubelet ~~ 


_7 — Gasket 


~- Grommet 


“Sealtite” plastic -covered 
flexible metallic conduit -- -~ 


Solid and Flexible 
Conduits 


INSULATING MATERIALS used to cover 
wire break down and lose 
their insulating qualities when exposed 
to mechanical injury, liquids, moisture, 
and abrasive dusts. For protection 
against hazards, conductors 
suitable con- 


electrical 


these 
should be inclosed in 
duits 

Solid metal raceways, 
cable armor, boxes, elbows, couplings 
and fittings of approved types, unless 
made of corrosion resistant materials, 
are protected inside and out (except 
threads at joints) against corrosion by 
a coating of zinc, cadmium or enamel. 

Ferrous raceways, fittings and boxes 
with enamel coatings are used only 
indoors where corrosive influences are 
not 


conduits, 


severe 

Electrical metallic tubing, a light- 
weight rigid tubing having a thin wall, 
performs the same functions as those 
of rigid conduit in a wiring system. 
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This tubing requires no threading, it 
is assembled to fittings and connectors 
by means of grommets, rings and 
gland nuts. Although it is easier to 
bend than rigid conduit, electrical 
metallic tubing does not afford as 
much protection from mechanical in- 
jury and corrosion. 

Solid conduit inclosing stationary 
conductors may be installed and fas- 
tened securely in place either inside 
or outside of machine frames. To 
obtain rigidity and to reduce deflec- 
tion and vibration, solid conduit is 
supported at each end by means of 
lock nuts at junction box and cabinet 
entrances or at holes in the walls of 
machine frames. Metal straps are used 
to support the conduit at intermediate 
points along its length. 

Conduits can be run through cored 
openings in machine frames; such an 
arrangement is preferable when ex- 


Table I—Radius of Conduit 
Bends, Inches 


Size of Conductors 
Conduit, Without 
in. Lead Sheath 


Conductors 
With 
Lead Sheath 
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ternal appearance is important. Con. 
duits fastened to the outside of a 
machine frame form dust and dirt 
pockets and make it difficult to clean 
the machine with wiping cloths. 

Ample space between the conduit 
and any moving part is necessary to 
avoid the moving part striking the 
conduit. . 

Compartments and raceways within 
the frame, column or base of a ma 
chine that inclose conductors should 
be entirely inclosed or isolated from 
coolant and oil reservoirs. 

Not more than the equivalent of 4 
quarter bends should be made in runs 
of solid conduit between outlet and 
outlet, or between outlet and fitting, 
when the conduit is more than 25 
ft. long and the conductor fill is more 
than 30 percent of the conduit cross- 
sectional area. 

In bending rigid conduit, care 
should be taken not to kink the con- 
duit or to reduce its internal diameter 
excessively. The National Electric 
Code specifies that the radius of the 
curve of the inner edge of any field 
bend shall not be less than the values 
shown in Table I. 

Sheet metal raceways provide pro- 
tection for conductors against mechan- 
ical injury. Trough raceways, open 
on the machine side, facilitate the in- 
stallation of wiring since the con- 
ductors can be laid in place before 
fastening the raceway to the machine 
frame. 

Flexible metal conduit is used to 
inclose conductors at places where 
flexibility must be provided to accom 
modate small or infrequent move 
ments, such as at motor terminals 
where the motor is shifted occasionally 
to adjust belt and chain tension. 

Leads to continuously moving pari 
of machines should be of the extre 


Propuct ENcINEERING — May, 1948 





on- 
4 
dirt 
ean 


luit 
' t0 
the 


thin 
ma- 
uld 
rom 


f 4 
runs 
and 
ing, 

25 
nore 
ross- 


care 
con- 
aeter 
ctric 
the 
field 


alues 


pro- 
chan- 
open 
e in 

con- 
efore 
chine 


əd to 
where 
ccom- 
nove- 
ninals 
ynally 
n. 
part 
extra: 


1948 





Table II—Number of Conductors in Conduit or Tubing 
For Types R, RU, RH, RW, T, and TW Insulation 


— 





Conduit Size 


114 114 2 214 
35 49 80 115 176 
30 41 68 97 150 
18 25 40 59 90 
15 21 35 50 77 
13 17 29 41 64 
7 10 17 25 38 
+ 6 9 | 15 23 

5 8 9 

4 7 9 

$ 3 6 9 
] 3 4 7 9 
l 2 4 6 9 
l l 3 5 8 
1 l 3 4 7 
] l 2 3 6 





— — — 
AWG 
1$ 34 1 
| 
18 7 12 20 
16 6 | 10 17 
14 4 6 | 10 
12 3 5 Q | 
10 l i 7 | 
ð l 3 4 
6 1 l 2 
4 l ] l 
2 l l 
l l l 
1/0 l 
2/0 l 
3/0 1 
4/0 
flexible, non-metallic covered, multi- 


conductor cable type. For machine 
wols such conductors should have an 
oil and moisture resistant insulation 
with a flame retardant outer covering. 
Synthetic rubber covered multi-con- 
ductor cable with attached plug re- 
ceptacle fittings are also used for flex- 
ble leads to motors. 

ne types of flexible tubing 
and fittings are also used to inclose 
ndividual conductors. 

Braided wire covered hydraulic 
pressure tubing, and also synthetic 
tübber covered metal reinforced flex- 
dle tubing, is used for flexible con- 
uit at places where dripping water, 
oolant, or oil is present. 

To limit the amount of heat gen- 
trated, and to provide for ready in- 
tallation and withdrawal of conduc- 
ors without injuring their insulating 
overing, the number of conductors 
that a given size conduit or electrical 
metallic tubing may contain is limited. 
The percentage of the total interior 
‘f0ss-sectional area of conduit or tub- 
ing that is occupied by conductors is 
ttermined by the amount of heat that 
an be dissipated without injury to 


the insulation of the conductors, and 
also by space needed for installation 
and withdrawal of conductors. Table 
II gives the number of conductors, of 
one size, allowed in rigid conduit or 
tubing by the 1947 National Electric 
Code for several types of insulation. 
Although Table II specifies that three 
No. 4 conductors are permitted in 
14 in. conduit or tubing, if a serv- 
ice run does not exceed 50 ft in length 
and does not contain more than the 
equivalent of two quarter bends from 
end to end two No. 4 insulated and 
one No. 4 bare conductors may be in- 
stalled in 1 in. conduit or electrical 
metallic tubing. 

Data presented above the stepped 
line in Table II give the number of 
conductors in conduit or tubing when 
specially permitted by the National 
Electric Code for conductors between 
motors and controllers. 

For groups or combinations of con- 
ductors not included in Table II, the 
sum of the cross-sectional areas of the 
individual conductors should not be 
more than the percentage given in 
Table III of the cross-sectional area 
of the conduit or tubing. 
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\onductors, not lead covered .. . 
Lead-covered conductors 














l 2 3 4 Over 4 
i 53 31 43 40 40 
| 55 30 40 38 35 








Re-attachable, liquid tight 
conduit fitting for assem- 
bly of synthetic covered 
flexible metallic conduit 
to conduit box. (A) Ex- 
ploded view. (B) Assem- 
bly of conduit and box. 
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Control cabinet of standard design with 
edge to match contour of machine 
it is to be mounted. Design 


on which 
the cabinet 


harmonizes with appearance of the machine. 


Controls mounted in a machine compartment 
often enable the designer to economize on both 
space and wiring. This compartment in the base 
of the machine is divided into two parts. 


Cabinets and Compartments 


for Electrical Controls 


SPACE NEEDED to mount specific types 
of control devices has not been gen- 
erally standardized. A wide variation 
exists in the overall sizes and mount- 
ing dimensions of controls made by 
different manufacturers. 

Compact mounting arrangements 
are desirable, but ample space is also 
needed to provide ready accessibility 
for installation and maintenance work. 

Good practice requires that all con- 
trol devices for any one machine be 
mounted in one inclosure instead of 
in several inclosures at different loca- 
tions on the machine. 

Switch and control cabinets should 
be installed at places not exposed to 
oil, coolant, falling or splashing liq- 
uids, or dust. Control cabinets 
mounted on machines should be at a 
where they will not interfere 
with machine adjustments or mainte- 
nance, and where they are not exposed 
to damage from floor trucks. The 
Automotive Standards for Machine 
Tools require that when inclosures are 


aa 
place 
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the bottom of 
two feet or 


mounted on a machine, 
the inclosure shall be 
more above the floor. 

Inspection and servicing are facili- 
tated by placing the cabinet in a posi- 
tion such that the distance from the 
door frame, or any projecting part of 
the machine, to the control panel is 
as small as possible. 

Control b cot compartments, and 
pushbuiton boxes should be com- 
pletely inclosed to prevent the en- 
trance of oil, coolant, dirt and dust. 
Doors should close against a seal or 
gasket made of cork or felt. 

Control compartments in the base 
or column of a machine are not con- 
sidered to be inclosed when the com- 
partment space is open to the floor, 
or the foundation, upon which the 
machine rests. Neither are they con- 
sidered to be inclosed when open to 
other machine compartments that are 
not clean and dry. Compartments 
should be completely isolated from 
coolant, water and oil reservoirs. 


Inclosures that house a number ot 
control devices should have tight 
fitting hinged doors or covers that 
swing horizontally. Doors and covets 
should have some means of locking 
them securely in the closed position 
A common arrangement is to lock the 
door by an interlock with the discon 
nect switch handle. The Automotive 
Standards Section of the Machine Too 
Electrical Standards requires covers to 
be held closed with screws or bolt 
that require the use of a tool to te 
move. 

A vent of a size ample to permit 
the escape of warm gases and to pro 
mote ventilation of clean air should 
be provided in inclosures containing 
control accessories that produce heat 
when energized, such as resistors, 
rheostats, electronic tubes, and trans 
formers. 

Depth of cabinets and compar 
ments should be great enough to pro 
vide the working space needed for 
the inclosed control devices plus aty 
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required electrical clearances. The 
National Electric Code requires that 
there shall be an air space of at least 
1/16 in., except at points of support, 
between the base of the device and 
the wall of any metal cabinet or cut- 
out box on which the device is 
mounted. Also, that there shall be 
an air space of at least 1 in. between 
any live metal part and the door, 
unless the door is lined with an ap- 
roved insulating material or is of 
a thickness of metal not less than No. 
12 USS gage when the air space shall 
be not less than 4 inch. 

Width and height of the door open- 
ing should be at least one inch or 
more than the width and height of the 
inclosed panel to facilitate servicing 
and removal of panel. 

When codes prohibit “through” 
holes, for bolts and fastenings, in the 
walls of steel cabinets that contain 
electrical parts, panels can be mounted 
by tap bolts screwed into plugs welded 
to the interior back of cabinet. In 
cast iron boxes or machine compart 
ments, cast bosses can be provided to 
receive tap bolts. 

Lugs and straps of flat stock can be 
welded on the exterior of steel cabi- 
nets, or bosses cast on boxes, to pro- 
vide arrangements for fastening to 
machine frame 

Sheet steel cabinets should be stiff 
enough to resist sagging and getting 
out of square, so that doors will swing 
freely. Sheet steel cabinets and cutout 
boxes should be not less than No. 16 
USS gage in thickness 

Walls of compartments in columns 
or bases of machines that inclose con- 
trol equipment should not be less than 
4 in. thick if of cast metal. Such 
compartments should not contain mov- 
ing parts that are not directly needed 
for the operation of electrical control 
equipment. 

To prevent corrosion, metal cabinets 
and cutout boxes should be protected 
inside and outside with a galvanized 
coating; a plating or finish of cad- 
mium, tin, or zinc; or enameled coat- 
Ing 

Motor control centers consisting of 
standardized sectional unit cabinets 
or inclosures, which can be mounted 
in banks for installation in a central 
location, simplify wiring of controls 
tor groups of motors used in many 
industrial processes 

The assembled cabinet units are 
‘elf supporting and provide a high 
degree of protection to operating per- 
sonnel 
i To conserve floor space, the cabinets 
inclosing the sectional units can be 
placed either side by side, back to 
back, around corners, or against walls 
to suit the floor plan. 
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Cabinet door with fully concealed hinge and 90 deg 
stop. Door can be removed after pulling hinge pin. 


Terminal connections and all tie points 
in this electronic welder control cabi- 
net are accessible simply by opening 


Motor control center made up of 
standard unit components that con- 
tain motor starters, pushbuttons, 
transformer switches and indicating 
lights. Cover over wide wiring 
trough is removable to facilitate 
wiring. Clothespin type contacts 
on rear of units engage vertical bus 
bars in back of cabinet. 
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KNIFE-DISCONNECT TERMINALS 
AND CONNECTOR BLOCK 
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Terminals for Wire Ends 


TERMINALS AND CONNECTORS of 
many ingenious designs, both solder- 
less and soldered, have been devised 
for attachment to the ends of wires 
and cables to provide electrical con- 
nections at terminal blocks, electrical 
devices and splices. 

Solderless terminals are pressed, 
squeezed or crimped on wire ends with 
hand tools or press dies. Wiring work 
is much faster with terminals of these 
types than with soldered types. Solder- 
ing is difficult, and unless done with 
great care the quality of the electrical 


bond is not assured until it has been 
proved by inspection test. 

To identify wires with their respec- 
t: markings on wiring diagrams, 
metal or paper bands printed with a 
numeral or letter, are attached to the 
ends of the wires. One manufacturer 
stamps identification markings on 
short pieces of plastic tubing that are 
slipped over the ends of wires before 
attaching the terminal. After the 
terminal is squeezed on the wire, the 
tubing is pulled over the hub of ter- 
minal to provide extra insulation. 
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“LINKIT LUG” 
Quick disconnect 
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Harness Wiring and Conduit Assemblies 


WHERE QUANTITY PRODUCTION of 
standard machines makes it practicable, 
the use of harness wiring and conduit 
assemblies facilitate the installation of 
wiring. 

Harness wiring and conduit as- 
sembly methods simplify manufactur- 
ing and production problems, and are 
economical when a large number of 
a given combination can be assembled 
at one time. Standardized parts, con- 
trol accessories, and wiring sub-assem- 
blies combined in a harness arrange- 
ment do not require highly skilled 
workmen to install. 

Complete wiring assemblies, de- 
signed for specific production prob- 
lems, make unnecessary many costly 
operations at point of installation on 
the machine. 
reaches the machine, all needed opera- 
tions have been performed, these in- 


Before the assembly 


clude: Cutting, threading and bending 
conduit; stripping and timing wires; 
and selecting and attaching wiring 
devices. 

Harnesses can be assembled in al- 
most any arrangement of electrical 
conductors with attached units such 
as pushbutton stations, limit switches 
"i other units, ready for installing 


on the machine when it reaches the 
assembly floor. 

Electrical conduit assemblies can be 
obtained with or without wire, in 
flexible or rigid conduit, or in elec- 
trical metallic tubing, and with prac 
tically any wiring device needed to 
suit arrangement of power distribu- 
tion to driven machine or equipment. 


PRODUCT ENGINEERING thanks the following companies and associations 
for their helpful cooperation in contributing material and data for the prepa- 
ration of this special editorial section: Aircraft-Marine Products Inc.; Amer- 
ican Brass Co.; American Standards Association; Anaconda Wire & Cable 
Co.; Arrow-Hart & Hegeman Electric Co.; Brown & Sharpe Manufacturing 


Co.; Burndy Engineering Co., Inc.; Chicago Metal Hose Corp.; General 
Electric Co.; Gould & Eberhardt, Inc.; R. Hoe & Co.; Kearney & Trecker 
Corp.; National Electric Code; National Machine Tool Builders’ Associa- 
tion; John A. Roebling’s Sons Co.; Square D Co.; Thomas & Betts Co., Inc. ; 
Tinnerman Products, Inc.; United Shoe Machinery Corp.; Van Norman Co 
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Only a Prosperous America 


Can Be Free 


URING May 50 million American workers 
will get from the Congress of the United 
States a real incentive to work. 


This incentive is called a tax cut. Beginning May 
1, the withholding tax on incomes will be reduced, 
giving everyone a much-needed increase in take- 
home pay. 


But the tax cut will have a far more important 
effect. It may be literally a life-saver for American 
employment and production — and, hence, for the 
stability of the world. It will help to do two things 
which must be done if our economy is to continue to 
furnish good jobs and good earnings. 


l. It will generate part of the private funds for in- 
vestment in common stocks — the "risk capital" 
which we need to sustain prosperity. 


2. It will provide part of the incentives necessary 
to make American business management still 
more effective. 


1) How much of your tax reduction will 
you save? 74% 


2) How much of your tax savings will 
you invest in common stocks? 52% 


3) Will lower taxes lead you to switch 
some of your investment in bonds to 


stocks? Yes 28% 


4) Have you passed up an opportunity to 
invest in a new business in the last five 
years because the return after taxes 


did not justify the risk? Yes 40% 










WHAT THE TAX CUT WILL DO 


What will upper bracket taxpayers do with their tax savings? 


What can business expect as a result? 


O ANSWER THESE QUESTIONS, McGraw-Hill field editors interviewed a carefully selected sample of 
business executives earning $15,000 a year or more. Here, for the first time, are solid facts that show 
how tax reduction will effect the supply of risk capital and business incentives. These are the results: 


These two predictions are not advanced as mat- 
ters of opinion. They are based on facts reported by 
McGraw-Hill field editors. 


These facts show why the reductions in upper 
bracket income tax rates are most significant for 
our continued prosperity. For the first time in more 
than twenty years the tax burden on people who can 
afford to risk their savings has been lightened. To 
find out what this will mean to the economy, 
McGraw-Hill field editors all over the nation asked 
a group of business executives making $15,000 a 
year or more how they will use the money which 
the tax cut gives them. Here is what they said: 


1. They plan to save —not spend — three-fourths of 
the money they keep as a result of tax reduction. 


2. They plan to invest one-half of these savings in 
common stocks. If all persons making over 
$15,000 follow this pattern, they will make avail- 
able about a half billion dollars of risk capital 
for American industry. 





5) Will lower taxes make you more in- 
clined to take a risk on a new business? Yes 80% 


6) Have you turned down the opportunity 
to take a bigger job in the last five 
years because taxes would take too 
much of the additional income offered? Yes 13% 


7) Do you know of actual cases of execu- 
tives who have turned down bigger 
jobs or more work because of taxes? Yes 38% 


8) Will lower taxes make you more in- 
clined to take on a bigger job or more 
work? Yes 59% 













They also will switch some of their present sav- 
ings from bonds and bank accounts to common 
stocks. This might easily add a billion dollars or 
more to the supply of risk capital. 


The one-half billion dollars of tax savings and the 
funds switched from other investments into com- 
mon stocks is not enough to end the shortage of 
risk capital. But it is a start. 


Before passage of the tax law, risk capital had 
been growing increasingly scarce. 


One measure of the scarcity is that last year only 
four-tenths of 1% of national income went into new 
common stocks. In 1925, a year of normal prosperity, 
almost 3% of national income was invested in new 
common stocks. 


Another measure is that between 1940 and 1947 
people actually reduced their holdings of corporate 


stocks and bonds by nearly a billion dollars. During ` 


the same period, people salted away almost $150 
billion in such safe havens as cash, bank deposits, 
and government bonds. 


This drought of risk capital hit us just when we 
need a vastly increased flow of risk capital to finance 
the expansion and improvement of our American 
productive machine. We need risk capital to search 
for new oil fields and to build new pipelines and re- 
fineries. We need capital to expand our over-loaded 
electric and gas utilities. We need it to finish re- 
equipping our airlines and railroads and bus lines. 
We need it to modernize our textile production. We 
need it to keep pace in the magical, booming chemi- 
cal industries. We need it to launch the new indus- 
try of television. 


We need capital for all this work and for much 
more besides. And we must do all this work if we 
are to keep the United States.dynamic and if we are 
to create new and better jobs. 


The tax cut comes just in time. As the last edi- 
torial in this series showed, the flow of risk capital 
must double or triple if we are to avoid a cutback 
in industrial expansion next year. A major reduc- 
tion in industrial expansion because of a shortage 
of risk capital would menace our prosperity. When- 
ever capital expansion has sagged, the whole econ- 
omy has sagged. That is the record. That is why 
every American has a crucial interest in breaking 
the shortage of risk capital. 


The tax reduction now going into effect helps re- 
lieve that shortage. In my opinion, we need still 


other tax changes to assure enough risk capital for 
healthy i»dustry and healthy employment. 


We should encourage the rapid depreciation and 
replacement of plants and equipment to keep 
America efficient. 


We should eliminate the double taxation of stock- 
holders’ incomes. 


We should permit full averaging of good years 
and bad in calculating income tax payments. 


We should cut tax rates again as soon as we can. 


The tax cut of 1943 will prime the flow of capital. 
We must keep it flowing. 


The tax cut also encourages our successful men 
and women to work harder and more effectively. 


The McGraw-Hill editors collected some solid 
facts to show how seriously heavy taxes have dis- 
couraged business leaders. Here they are: 


1. One out of seven persons the editors questioned 
said that they had turned down positions with 
greater responsibilities because heavy taxes 
would take most of the greater pay that went 
with the harder job. 


Six out of ten executives would be more inclined 
to accept a more responsible job now that taxes 
will let them keep more of the added pay such 
a job would bring. 


We all have a stake in incentives which make men 
work harder, especially talented men. The more we 
each work, the more we all have. 


The tax reductions so far made will leave the 
government more than enough revenue to meet all 
its expenses, including the proposed defense ex- 
penses, and still reduce the national debt. If more 
defense money becomes necessary, vigorous econ- 
omy on less essential government expenses will make 
possible both stronger military defenses and a better 
tax system. We need both. 


Only a prosperous America can be strong enough 
to remain free — and to help keep the rest of the 
world free. 


President, McGraw-Hill Publishing Company, Inc. 
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Selecting Electric Drives for Planers 


From “Planer Drives—Their History and 
Application,” by J. W. Harper, General 
Electric Co. presented at 1948 AIEE Gen- 
eral Meeting, Pittsburgh, Pa. 

GENERAL STATUS. Present planer 
drives have a 30 to 1 speed range, 
but because of better cutting ‘tools 
there is a tendency to cut this down 
to 15 or 20 to 1. This would mean 
limiting the bottom speed to 80 to 
100 rpm instead of 40. The top speed 
would be the same or possibly a little 
higher. This also would eliminate 
motor field weakening and its attend- 
ant loss of accelerating torque, so 
such drives should be even snappier 
over the entire range. 

Drives built for small planers fol- 
low this pattern, but with more limited 
speed range. Drives for large ma- 
chines also have been built utilizing 
all generators since they have to pro- 
vide voltage control over a wider 
range. But such drives do minimize 
lost time in acceleration and decelera- 
tion. Since this is nonproductive 
time, anything to reduce it is looked 
upon with favor. 

Improvements in future planer 
drives are likely to be refinements, 
rather than major design changes, As 
cutting tools improve, drives will use 
increased horsepower, with possible 
modification of present drives to per- 
mit Operation further up on the con- 
stant torque curve. Packaged drives 
have been considered and some fur- 
nished. Some means of putting the 
speed control in the sudo station 
would be a*worthwhile improvement. 
This would not only eliminate one 
control unit and its mounting, but 
also provide a much more flexible con- 
trolling means. 

A perfect planer drive includes: 
Wide speed range, ample torque 
Capacity, simple control and safety. 


Typi AL MopERN Drive. As shown 
in sketch, a modern planer drive con- 
sists of seven parts: Planer motor, 
motor-generator set, its starter, main- 
controller, rheostat for cut and return 
speed adjustment, limit switch and 
pendant push-button station. These 
components must be designed to func- 
tion as a unit to get the most produc- 
tion out of the planer. 

Motors are designed for fast ac- 
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celeration with low inertia; they use 
blowers for ventilation at low speeds 
and utilize effectively the material 
available. Ball bearings are used since 
they require the minimum of atten- 
tion and assure adequate lubrication 
at all times. 

The motor-generator sets require 
the minimum of floor space, being 
close coupled and having only two 
ball bearings. Standard stators are 
used to simplify replacements if neces- 
sary. All units are protected from 
falling foreign matter. Totally in- 
closed fan cooled driving motors and 
filters are used for, the generator and 
exciter for severe conditions. 


Inch cuf --- 
Inch return- 


J-phase 
a-c power 
(or _d-c power) 


D-c drive 
motor, 


` 
A 


-Generator-tield 
Cut | u rheostat 


Decrease __ 
speed 
Q 


Co? rheosfaf--^ 


The generator is designed' with 
characteristics to match closely those 
of the planer motor so that the max- 
imum flux response is obtained. The 
field ,constants are so proportioned 
that the field strength can be varied 
for acceleration and deceleration of 
the planer motor. 

The correctness of such design is 
indicated by the fact that when going 
from high speed forward to high 
speed reverse, full field can be ap 
plied to the motor and the generator 
field discharged in one step. Then, 
when the generator voltage has de 
cayed to 25 to 30 percent of maxi 
mum, the generator field is energized 


,0-c planer motor 


Control pane/, 


Return 
“ rheostat 


/ncrease a 


Motor-field ^ 
rheosfaf-^ 





MODERN PLANER DRIVE is designed for fast acceleration with low inertia. 
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for opposite rotation. After the volt- 
age has built up to around 35 per 
cent in the opposite direction, the 
motor field weakening relay opens, 
inserting the motor field rheostat. All 
this can be done with no objectionable 
sparking at the commutators of the 
unit. Under these conditions the re- 
versal time from 1,200 rpm to 1,200 
rpm is about 1.25 seconds. 

Compound windings insure good 
regulation over a wide range of gen- 
erator voltage. Insofar as possible, 
the characteristics necessary for suc 
cessful operation over a wide speed 
range are designed into the equip 
ment, and auxiliary devices are bk 
to a minimum. For special require 
ments at very low cutting speeds, 
drives can be furnished with auxiliary 
exciters. 

Relatively, the control is simple. 
This is done by designing all rotating 
equipment to possess inherently the 
necessary operating characteristics with 
as little aid as possible from the con- 
trol. This results in a panel with 
seven operating devices, only six of 
which operate on the normal revers 
ing cycle. On these devices only 21 
contacts open or close during the cycle. 

The over-all speed of response is a 
maximum, because the generator shunt 
field circuit is free of all shunting 
resistors, which would slow up flux 
changes by damping action. This 
speeds up acceleration and decelera 
tion. 

Quick stopping is obtained by com 
bining a time delay function with the 
field rheostat selecting relays. Thus 
the generator field is energized only 
momentarily in the opposite direction 
to bring it to its minimum value in 
the shortest possible time. Also, both 
for reversing and stopping, the con 
trol connects the generator field into 
a discharge circuit, which is auto 
matically adjusted to compensate for 
the previous setting of the field rheo 
stat. 

For quick stopping on voltage fail 
ure, a low voltage relay, (also used 
to select between automatic and inch 
operation) drops out if the control 
voltage from the exciter drops to about 
75 percent of normal. Hence, if the 
set starts to slow down because of 
a-c power failure, the low voltage 
contactor will drop out. This stops 
the planer motor while there is still 
enough exciter voltage left to operate 
the relays and provide field excitation. 

The main controller. and the rheo 
stats are built in identical floor 
mounted cabinets, so they can be 
mounted side by side or separately, 
depending on space available. Full 
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range’ of speed is available in each 
direction of operation. 

Limit switches are especially de 
signed to withstand the hammer blows 
of high speed planer operation. To 
minimize wear, moving parts are as 
light as possible to reduce inertia 
forces. Positive and accurate throwover 
are obtained by alnico magnets that 
provide snap action. 


ECONOMIC CONSIDERATIONS. Present 
planer drives cost anywhere from 15 
to 80 percent more than drives for- 
merly used. The drive itself produces 
nothing. It merely assists the planer. 
Nor can the planer produce anything 
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without the drive. It can produce 
after a fashion even with a mediocre 
drive. But, to get the utmost out of 
the machine it should have the best 
drive available. The drive alone 
should not be considered, but the 
overall combination of planer and 
drive. Thus an overall increase of 
10 percent or so will permit of a pro- 
duction increase of 15 to 20 percent 
using the adjustable voltage drive. 
Each proposed machine must be 
studied from the standpoint of what 
it is to do. Then the best drive should 
be selected based on all the factors 
involved, such as setup time, and 
long or short strokes. 


Physical Properties of Electroless Plating 


From research paper RP 1835 “Deposition 
of Nickel and Cobalt by Chemical Reduc- 
tion” by Abner Brenner and Grace Rid- 
dell, National Bureausof Standards. 

PHYSICAL PROPERTIES of deposits ob 
tained by electroless plating include: 


HARDNESS. Hardness of the electro 
less nickel deposits is greater than that 
of electrodeposited nickel, as shown in 
Table I. The Knoop hardness number 
for nickel electrodeposited in a Watts 
type bath may vary from 120 to 450. 
For the electroless nickel from the 
alkaline citrate solution the hardness 
is about 125, and from the ammoniacal 
solution containing no organic salts, 
about 530. Deposits from the acid 
nickel solution have an average hard 
ness of about 500. Upon heating the 
electroless nickel deposits, their hard 


-Hardness of Electroless 


Deposits 


Table I 


Knoop No, Electroless Cobalt 


as deposited 
200 C, % hr 
400 Es V hr 
600 C. 1 2 hr 
800 C, ] 2 hi 


I lectroless Nickel Mkaline Solution 
700 
800 
900 
450 
300 


as deposited 
200 C, % hr 
400 C 1$ hr 
600 C, 16 hi 
800 C, 15 hi 


Electroless Nickel Acid Solution 


500 
550 
800 
600 
475 


as deposited 
200 C, ly nr 
400 C, 15 hr 
600 C, 14 hi 
800 C, 16 hr 


ness is increased. ‘This is in contrast 
to the so-called "hard" nickel, which 
is usually electrodeposited from a bath 
containing ammonium salts. Hard 
nickel has an initial hardness of about 
500, which softens upon heating. A 
possible explanation of this difference 
may be the occurrence of precipitation 
hardening in the electroless deposits. 
As formed, the electroless deposits are 
brittle but they become ductile upon 
heating. 


MAGNETIC PROPERTIES. Qualitative 
measurements of magnetic properties 
were made by measuring the attractive 
force of a permanent magnet for the 
coating. It is found that the electro- 
less nickel is not as magnetic as elec- 
trodeposits from the Watts nickel bath. 
The magnetic properties of electroless 
nickel are increased by annealing at 
i00 C for about 30 minutes. 


APPEARANCE. In general, the alka- 
line nickel solutions produce the 
brightest deposits. Deposits from the 
acid nickel solutions can be brightened 
somewhat by the addition of cobalt 
or very small amounts of cadmium 
(0.01 g/l). But by such additions, 
the rate of deposition is decreased. 
The cobalt deposits are dull (similar to 
electroplated cobalt in appearance) 
and tend to be dark when deposited at 
high rates. 


CORROSION RESISTANCE. In the 20 
percent salt spray test, electroless 
nickel, deposited on steel from either 
the acid or alkaline solutions, affords 
protection to the steel eQual to that ot 
electroplated nickel. The cobalt de- 
posits from the citrate solutions gave 
protection to steel superior to those 
from the tartrate solutions. But 
neither are comparable to electro- 
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ated deposits of the same thickness 
e electroless deposits of Co-Ni alloy 
jl in the salt spray sooner than 
je single deposits of cobalt or nickel. 


oMPOSITION. Nickel deposits from 
e alkaline solution contain an aver- 
e of 93.5 percent nickel; and from 
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the acid solutions, an average of 93.1 
percent nickel. The electroless cobalt 
deposits contain 94.5 percent cobalt. 
Although quantitative Analysis has not 
been made, qualitative tests indicate 
that the deposits contain considerable 
amounts of phosphides. 


Specific Heat of Food 


reign abstract, condensed from “Specifi 


at of Food Required for Boiling”, VDI 
itschrift, August 7, 1943, page 497. 

ATA ON THE SPECIFIC HEAT Ol 
ops in their cooking ranges are 
re, but such data are desirable 
hen designing machinery for the 
nned goods and food industries. In 


Average Specific Heat 























Specific 
Water heat, 
Content, Btu/lb, 
percent deg F 
etables 
ttichokes........ 90 0.93 
Peas, dried... 14 0.44 
‘ucumbers 97 0.98 
Se 75 0.84 
otatoes, boiled . . SO 0.87 
NE cerro nns 92 0.95 
entils........... 12 0.44 
Carrots, fresh 86-90 0.91-0.94 
arrots, boiled 92 0.90 
Parsley . 65-95 0.76-0.97 
[ushrooms, fresh.. 90 0.94 
lushrooms, dehy- 
drated 30 0.56 
Red cabbage 90 0.93 
BEEN osos 92 0.96 
meh.......... 85-90 0.90-0.94 
abbage, fresh. ... 90-92 0.93 
abbage, boiled... 97 0.98 
Muerkraut........ 91 0.92 
Mions........... 80-90 0.86-0.93 
its 
pples 75-85 0.89-0.96 
berries, fresh i 84-90 0.89-0.98 
berries, dehy drated 30 0.51 
tuits, fresh . 75-92 0.80-0.90 
fruits, dehydrated. 30 0.50 
tunes, fresh...... 75-78 0.84 
tunes, dehydrated 28-35 0.53--0.59 
poose, without in- 
testines......... 52 0.70 
er 90 0.93 
EL 63 0.77 
tal chop... 72 0.82 
eal chop, fried . 58 0.74 
Ones... 0.4-0.6 
Idneys, ...... à 0.86 
»1. N 5 0.69 
eef, lean... 72 0.82 
tef ground... ... k 0.84 
tef, boiled 57 0.73 
ork, fat 39 0.62 
ork, lean 57 0.73 
BE I Eres 50 0.48 
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of Foods, 


the accompanying table are given spe 
cific heat “values for food compiled 
from a number of sources, but mostly 
from research conducted by the Soviet 
Institute for Mass Feeding. ‘The 
values given are averages of water con- 
tent and of specific heat between 32 
and 212 F for the foods listed. 


32 to 212 F 


Specific 
Water heat, 
Content, Btu/lb, 
percent deg F 
Soups 
(ere 0.98 
Bouillon. .. 0.74 
Bouillon, creamed 91 0.94 
Potato 8S 0.94 
Cabbage 0.90 
Fish 
ENHEME Lor es vi 60 0.72 
Fresh............ 80 0.86 
Lean d 70 0.79 
Dried, salted. ..... 16-20 0.41-0.44 
Fats 
Butter... 14-15.5 0.49-0.51 
Margarine . owe FS 0.42-0.50 
Vegetable oils..... 0.35-0.45 
Supflower oil. ..... 0.45 
Beverages 
Qo — vires 0.44 
Milk, mm d. 87.5 0.92 
Milk, plain. 9] 0.95-0.96 
Cream, 45 to 60 per- 
cent fat. ceca MaA 0.73-0.78 
as 0.92-0.95 
Miscellaneous 
Bread, whole wheat 44-45 0.65-0.68 
Bread, rye. ....... 48.5 0.68 
Buckwheat, mush.. .. 0.77-0.90 
PESE VENE. Leones 48 0.67 
Egg white........ $7 0.92 
Oat flakes........ 7 0.46 
| esos 15 0.44 
DENEN LL Leia 15-20 0.45-0.48 
Potatine...... 0.37 
SEE LUE Le eoe in 0.27-0.32 
Macaroni 12.5-13.5 0.44-0.45 
do  SESQCQCUCTRTPEES /— 5 0.43-0.45 
Noodles.......... 0.44-0.55 
Barley, fine... 1 0.67-0.68 
Cottage cheese 60-70 0.78 
| Perr 10.5-13.5 0.42-0.44 
T 24.5 0.47 
J anaa aa 0.45-0.52 
J 0.30 
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Studying Decomposition 
Of Plastics 


From “A New Attack on the Degradation 
of Plastics,” by F. W. Reinhart, National 
Bureau of Standards, presented at the an- 
nual meeting of the Society of Plastics 
Engineers, January 23, 1948. 

ONE OF THE MAJOR PROBLEMS facing 
the plastics industry today is the deg 
radation of plastic materials when 
exposed to actual service conditions. 
This problem has been investigated ex- 
tensively, but mostly from the view- 
point of overall changes in one or 
more physical properties. While em 
pirical investigations of this type give 
information of value, they yield little 
or no insight into the basic changes, 
and as a result contribute little to a 
full understanding of these changes. 

There are two major assumptions 
made in the Bureau of Standards tests, 
which must be considered to evaluate 
them properly. The first assumption 
is that service conditions themselves 
are standards and that laboratory test 
methods should give results which 
duplicate closely these service condi 
tions. However, service conditions in 
cluding weathering vary greatly, while 
the laboratory test conditions are much 
more uniform. Deviations should be 
expected between laboratory tests and 
service conditions, since the standard 
of comparison is not a constant but a 
variable. 

The second assumption is that in 
laboratory tests, where it is necessary 
to use more strenuous conditions than 
those encountered in service to obtain 
an accelerated effect, all the degrada- 
tion reactions which occur in service 
are accelerated by, a constant factor. 
Chemical kinetics show that when a 
number of independent and related 
reactions are occurring at once, as in 
the degradation of plastics, an increase 
in intensity of a condition such as 
heat, which might accelerate these re- 
actions, will probably not increase the 
rate of all these reactions by the same 
factor. A reaction which is not pre- 
dominant at the service conditions 
may be the predominant one at the 
intensified condition. 

The physical changes, which are 
observed both visually and in tests, re- 
sult from changes in the chemical 
structure of the resin and from loss or 
changes in’ the compounding ingredi- 
ents. The logical method of attack 
on this problem and the only one 
which will yield an entirely satisfactory 
solution is to determine the specific 
chemical reactions involved in the deg 
radation of the plastic and how these 
reactions are affected by the intensity 
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of the conditions encountered. Such 

procedure falls at the present time 
into the realm of fundamental research 
and will require the effort of several 
cooperating groups over a long period 
of time to yield results of value. 

A program of this type is now under 
at the National Bureau of Stand 

Plastics are exposed to con 
trolled conditions of heat, humidity, 
ultraviolet radiation, and ambient at- 
mospheres. The gaseous degradation 
products are collected and analyzed 
with the mass spectrometer. The 
changes in the structure of the plastic 
are determined by ultraviolet absorp- 
tion, infrared absorption, X-ray dif 
fraction, electron microscopic, electron 
diffraction, and dielectric absorption 
characteristics. By collecting all the in- 
formation which these techniques give, 
attempts are being made to — 
the mechanism of the degradation. 
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Effect of Alloying Elements 
On Young’s Moduli 


From paper: “The Young’s Modulus of 
Some Aluminum Adloys" delivered by N. 
Dudzinski, Miss J. R. Murray, B. W. Mott 
and B. Chalmers at the Institute of Metals 
Annual General Meeting held in London. 


HIGH - STRENGTH ALUMINUM 
ALLOY development and trends in 
aircraft design have led to a point 
where structure failure may be brought 
about by elastic instability of com- 
pression members before tension mem 
bers fail. Onset of elastic instability is 
determined, other things being equal, 
by the Young's modulus of the mate 
rial. Considerable attention has re- 
cently been paid to the possibility of 
improving aluminum alloy moduli. 
Experimental alloys based on alu- 
minum-silicon eutectic gave high val- 


ues of Young's modulus. Statistical 
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analysis of results indicated that hig 
Young's modulus was related : to th 
composition. 

Various binary, ternary and comple 
aluminum-base alloys were prepared 
Silicon, manganese, nickel, cobalt an 
beryllium enhanced the value of | 
Manganese had the greatest effect, wit 
beryllium, cobalt, nickel and silicon 
decreasing order. 

Beryllium and cobalt both have ; 
greater effect in the presence of silico 
than when used alone; effect of ben 
lium smaller in alloys containing cop 
per. Complex alloys containing nick 
and manganese gave higher E value 
than those obtained by — 
from the individual effects of the el: 
ments. 

Additional tests showed tha 
Young's moduli for tension and com 
pression are substantially equal 

value for these aluminum alloys. 


Precision Dynamometer for Small Motor Measurements 


From "A High Precision Dynamometer 
for Small Motor Measurements" by J. E. 
Duff, Hoover Company, paper 47-229, 
presented at 1947 AIEE, Middle Fastern 
District Meeting, Dayton, Ohio. 

THE DYNAMOMETER shown in Fig. 1 
minimizes errors caused by mechanical 
weaknesses and is satisfactory for test- 
ing many small motors. Loads up to 
nearly 40 watts can be absorbed by 
the dynamometer operating either as 
a motor or a generator at 3,600 rpm 
and during some special test runs the 
performance was still satisfactory as 
an induction generator at 7,200 rpm 
at an output of 65 watts. The prin- 
ciples apply for larger dynamometers 
but probably absolute error limits will 
be greater. 

When used as a generator to absorb 
power its sensitivity is well below 
1 percent of total torque. Usually the 
dynamometer is loaded as an induction 
generator, but for tests of starting 
torque the fields are excited with d-c 
and it is used as an absorption dy- 
namometer. For short runs heating is 
not excessive. 

When used as a driving motor to 
measure bearing and windage losses 
the full advantages of the unusual 
dynamometer bearing arrangement ap- 
pears. Even when using the lowest 
output scale, readings of tofque can 
be — to within one scale divi- 
sion. At 3,600 rpm this represents 
only 0.03 watts output. 

The dynamometer can be positioned 
to test motors having vertical shafts 
extending either upward or downward. 
The frame consists of the lower base 


132 


- 


Mofor on test — 


Flexible coupling 


Motors 
driving 
worm gears 


Reversing 
switch 


Rubber shaft 
coupling —— 


Screw arive 


Dual spirit level 


T7 Shock 
mounting 


Fig. 1—Arrangement of parts 
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Fig. 2.—Five sets of ball bearings help 
give dynamometer exceptional accuracy. 


Dynamometer Upper worm drive motor 


/l. ^ / 
I$ vo ^s dic. 
alib as 
or P 


//5 volts . 
Adjustable frequency 


IIS volts- 
60 cycles 


Fig. 3.—Schematic of electrical connec- 
tions used with small-motor dynamometer. 


plate, two vertical machined ways, and 
an upper base plate. It is a cast unit 
ind carefully machined for proper re- 
htionships between finished surfaces. 
Because of the frame's strength and 
rigidity, flexure of the mounting plates 
ot ways relative to each other is neglig- 
ble This is essential for accuracy. 
The dynamometer bed plate is of heavy 
onstruction and carries all active me- 
chanical and electrical components of 
the dynamometer. 


UNUsUAL BEARING ASSEMBLY 


Àn important feature that makes 
possible a high degree of accuracy 
in torque measurements is the dy- 
'amometer trunnion bearing arrange- 
ment shown in Fig. 2. Some large 
lynamometers use oscillation of the 
ter races of the trunnion bearing 
lo reduce the static er low speed rotary 
motion friction of the dynamometer 
funnion bearings. Friction is reduced 
| keeping the inner and outer races 
of the trunnion bearings moving at a 
elatively high velocity as compared 
vith their normal motion in following 
ynamometer torque changes. The dy- 
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namometer in Fig. 1 not only provides 
high relative motion of the trunnion 
bearing races but is arranged so that 
the dynamic friction so introduced is 
in opposite directioms for the upper 
and lower bearings. An interesting 
comparison may be had by turning off 
the trunnion bearing drive motors 
when such tests are being made. With- 
out power to the trunnion drive motors 
the dynamometer torque indicator may 
be moved up or down scale manually 
five or six dide without sufficient 
torque being developed to overcome 
the static trunnion bearing friction and 
return the indicator tp a true reading. 
But with the bearing races being ro- 
tated, a displacement of less than one 
division will correct itself due to the 
torque unbalance. 

As shown in Fig. 2 five complete 
ball bearing assemblies are used. The 
shaft ball bearings of the dynamometer 
have ball races fixed both to the dy- 
namometer shaft and body. The trun- 
nion ball bearings are similar but of 
larger diameter and are fixed to the 
outer portion of the dynamometer body 
and to the inner portion of a worm 
gear housing. This housing, in turn, 
rotates in a sleeve guide and is driven 
by the worm by a small a-c series 
motor. The fifth ball bearing is a 
thrust bearing that supports the en- 
tire dynamometer assembly. The whole 
bearing arrangement is accurately ma- 
chined and aligned to keep the bearing 
friction to a minimum. The two worm 
gears are of laminated phenolic mate- 
rial to reduce gear noise and vibration. 

In operation, both the upper and 
lower worm wheels are driven in op- 

osite directions at about 50 rpm. This 
earing rotation in opposite directions 
helps cancel static friction of the trun- 
nion bearings thus resulting in more 
accurate reading of torque. These ro- 
tated trunnion bearings do not reduce 
any losses in the dynamometer bear- 
ings, but merely reduce the effect of 
static friction that causes the trunnion 
bearing position to lag behind the 
true —* value. To compensate for 
any artificial torque caused by differ- 
ences in drag of the two bearings, the 
motors driving the two worm gears 
can be reversed and their speeds con- 
trolled if a sufficient change of reading 
occurs. 

The pendulum type indicator, shown 
in Fig. 2, has a large 3 in. pulley at 
the top and a pointer arm that holds 
the weights for different scale ranges. 
The indicator is supported by two ac- 
curately aligned high precision pivot 
bearings. The indicating scale has a 
displacement of 45 deg at about 6 in. 
from the pivot. Two scales are en- 
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graved on a removable stainless steel 
plate. When the arbitrary scale divi- 
sions are multiplied by rpm 10° the 
result is horsepower output. Since the 
indicating scales are divided sinusoid- 
ally the angular relationships are cal- 
culated accurately by a method de- 
scribed in the appendix of the paper. 


ELECTRICAL DESIGN 


The dynamometer unit is a modi- 
fied fqur-pole shaded-pole General 
Electric Co. type KSP induction motor. 
Other than the bearing modifications, 
the only change was removal of the 
shading coils. The shading coils were 
replaced by a pair of wound coils (one 
pair on each pole face) of 10 turns of 
No. 22 HF magnet wire. The cor- 
responding coils on the four poles are 
connected in series and the two cir- 
cuits brought to a single pole double 
throw switch. When used as a motor 
the switch shorts one circuit of shad- 
ing coils or the other circuit to obtain 
desired rotation. 

Power is supplied to the dynamome- 
ter by two fingers dipping into a 
curved double trough filled with mer- 
cury. The trough is mounted in the 
rear of the dynamometer unit. The 
trough is milled from phenolic in- 
sulating material and the two con- 
tacting fingers are made of a stainless 
steel to prevent attack from the 
mercury. 

The two bearing drive motors are 
Bodine Electric Co. type C-3, 1/30 
hp, 225 volt, 60 cycle, 4,000 rpm units. 
To reduce the effect of vibration, 
smooth operation of the drive is 
essential. 

A small clamp directly below the 
dynamometer reversing switch in Fig. 
1 locks the dynamometer rotor and 
stator, thus allowing motor stalled 
rotor torque to be measured directly. 


Electrodeposited 
Copper-Tin Alloy 


From "Tin and Its Uses, No. 18," Tin 
Research Institute, England. Copies can 
be obtained from the Battelle Memorial 
Institute, Columbus, Ohio. 


DuRING THE WAR an electrodeposited 
alloy, containing 55 percent copper and 
45 percent tin, was used for the mass 
production of such parts as instrument 
mirrors. The alloy is known as Specu 
lum. It is hard, does not readily scratch 
and can be polished to an exceptional 
brilliance resembling that of silver. The 
alloy is much more resistant than silver 
to tarnish and retains a bright appear 
ance for years. Parts can be pressed 
from pre-plated brass strip without in- 
jury to the plate. 
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Fig. 1—Appearance of test panels with different finishes after completion of identical abrasion and shear hardness tests, — 


Evaluating the Ideal Industrial l 


€ Characteristics required of the ideal industrial instrument because of their low surface hardn inj 
Gnid as compared with baking enameg all 
— their tendency to chalking on exp bab 
Tests for abrasion resistance, shear hardness, adhesion, appear- sure, and their poor resistance to of sin 


I : . . ganic fumes and solvents. thg wil 
ance, humidity, water immersion. ganic fumes and solvents. ini | 
instance, air drying materials also weg. co! 


è Eftect of gloss, drying cycle, and color on the selection. undesirable because of the limite on 
space available for finishing, as we ot 
as insufficient space for adequate dng Th 

A. H. KEYSER finish should have superior resistance ing before packing. suc 
Chemicsl Baghten to humidity, ultra-violet light, heat Japans were considered unsuitib M per 


Ihe Brown Instrument Company cracking, chalking atmospheres con- because they usually require a hM per 
tainihg inorganic acid fumes, many baking temperature and have po 
FINISHES THAT FAIL not only mar the organic gases and fumes and as many color retention, especially in ult 


ippearance, but are a potential hazard — organic solvents as possible. violet light. Wrinkle enamels we 
to proper functioning of industrial in- * The finish should be black and have dropped principally because the roug giv 
struments. Many chemical, petroleum, excellent color retention. It should have texture of the finish catches and san 
and extractive plants employing auto- a hard abrasion resistant surface, mar tains the dust and dirt so prevalent | 
matic controls extensively are located resistance, durability, excellent adhe- plant installations, making for dif ure 
in high humidity, high tempera- sion to the primer, and sufficient flexi- cleaning. | 
ture atmospheres. Frequently corro- bility to prevent cracking under the Of the synthetic enamels, the ui la 
sive gases from the processes are added most severe bending conditions to alkyd ty pe was considered as the t | 
the environment. ‘The total effect which the instrament components will of material most nearly equalling t (di 
that instrument finishes must resist be subjected. The finish must also be ideal finish. These enamels have go 
variety of abusive conditions. Table smooth,to facilitate cleaning. From the humidity resistance, abrasion resi 
| lists typical results from a survey cost viewpoint, the finishing material ance, adhesion and resistance to vari in « 
of world wide installations. These should have sufficient applied film inorganic and organic fumes, gases ( 
conditions led to a search for an ideal thickness, hiding power and flow chat solvents. mil 
instrument finish. acteristics to require as few coats as After deciding to standardize 00 § met 
si iai possible. baked finish, the most economical bf 7 
THE IDEAL FINISH : ing cycle was established. It was & 8 
When establishing a new standard TENTATIVE SELECTION sired to use existing equipment. The abr; 
finish, it is first necessary to obtain a The first step in selecting the most fore, the baking cycle was d pende deg 
clear picture of what is desired. The suitable finish is to eliminate unsuit- on the type of equipment a vailab 9 
esults of the product installation sur- able materials before conducting tests. Baking cycles should be as short ure 
vey mentioned indicate that an ideal Air drying materials were dropped possible, yet use an economical > | 
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Table I—Some of the More Damaging Environments for Industrial 
7 Instrumentation 





LocaTION OF INSTRUMENT 


Waterfront areas along ocean, river and lake 


shores 
Tropical areas 
Desert areas 


Chemical plants, petroleum refineries and re 


lated industries 


Textile industric S 


Steel mills, rolling mills, foundries, 
industries 
Boiler rooms 


Paper industries 


and allied 


ABUSIVE CONDITIONS 


High humidity 


High humidity, high temperatures 


High temperatures, ultra-violet light 


[norganic and organic gases and fumes, or- 
ganic solvents, high heat, high humidity, 
dust 


High humidity, high heat 


High heat, dust, inorganic gases 


High heat, high humidity, dust 


High humidity, corrosive fumes 





Instrument Finish 


ing temperature. The cycle should 
allow other standard finishes to be 
baked with the same cycle so that 
simultaneous baking of various finishes 
will not complicate scheduling. A 
consideration of all the finishes used 
on our instruments resulted in a choice 
of 30 minutes at 300 F baking cycle. 
The speed of the oven conveyor is 
such that there is a 10 minute flash-off 
period for the wet finish at room tem- 
perature before it enters the heat. 


SPECIFICATIONS 


The information listed below was 
given to each manufacturer from whom 
samples wete requested. 


l. The material must be of the 
urea-alkyd type. 

2. Material must be black Brown 
black or blue-black not acceptable. 

3. Baking cycle— 30 min at 300 F 


(direct-fired oven). 

4. Thinner—Zylol. , 

. 5. Material must completely cover 
In one coat. 

6. Specular gloss—9 to 16 gloss per 
mil as measured on a 60 deg gloss 
mete: 

7. Excellent adhesion. 

8. Maximum surface hardness and 
abrasion resistance with a reasonable 
degree of flexibility. 

9. Material to be used in a pres 
sure feed system. 

10. The finish must be resistant to 
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humidity, ultra-violet light, chalking 
and heat cracking, and must have ex- 
cellent color retention. 


INITIAL TESTING 


t 

Wet samples of potential finishing 
materials were first checked for vari- 
ous characteristics. The samples, as 
received, were stored for a minimum 
of one week to determine settling 
properties. The settling of pigment 
is not desirable, but any pigment that 
does settle out must remain soft and 
be stirred easily into suspension. Oc- 
casionally, this storage period will 
show other characteristics of the mate- 
rial such as whether it is thixotropic 
(gels on standing but will return to 
solution when stirred) or has a tend- 
ency toward livering or skinning (gels 
on standing but will not return to 
solution). 

The percent of thinner required is 
important, as this has a bearing on the 
final cost of the material. Analysis 
of the relative sprayability and level- 
ing, properties of the material is ob- 
tained by direct observation when pre- 
paring the test panels. 


ABRASION AND SHEAR HARDNESS 


Abrasion tests on the sample mate 
rials were made with standard abra- 
sion testing equipment. Appearance 
of two enameled panels after the com- 
pletion of the abrasion tests is shown 


in Fig. 1. Using standard wheels and a 
constant pressure on the abrading 
wheels, the weights of material removed 
from the various finishes in 500 cycles 
were obtained. The total number of 
cycles to wear through the film also 
was determined. This number of 
cycles is divided by the film thickness 
in ten-thousandths of an inch. The 
result is the number of cycles required 
to wear through 0.000 1 in.; and this 
figure provides a basis for comparing 
the abrasion resistance of various 
finishes. 

Shear hardness test marks are the 
short marks visible in Fig. 1 on the 
outer edge of the abrasion wheel path. 
They also were used for adhesion com- 
parison. Shear hardness is basically 
the ability of the material to resist 
indentation and cutting by a shar 
object. Weight is placed on the bud 
ness tool until the tool is forced into 
the paint film, but not completely 
through it, as the panel is turned by 
hand beneath the tool. Values of the 
weight required and the width of the 
cut are put into a formula, and the 
answer is a shear hardness factor such 
as given in Table II. Adhesion of 
the enamel was obtained by cutting 
completely through the enamel film 
with the hardness testing tool and 
noting how the material was removed 
from the base metal. Examination 
under a glass will reveal a clean, sharp 
cut (good adhesion) or an irregular 
chipping (poor adhesion). 


APPEARANCE 


Gloss of the final finish is important 
because it affects cost, as well as ap- 
pearance. The higher the gloss, the 
more critical the surface imperfections 
in the base metal and dust specks in 
the finish, which gain in prominence. 
These effects are noticeable in high 
gloss finishes because of discontinuity 
in reflection of light at the imperfec- 
tions. If the finish is completely flat, 
small surface imperfections are not 
readily noticeable but the finish has a 
dead, uninviting appearance. 

A specular gloss standard of 9 to 16 
gloss per mil as measured on a 60 deg 
glossmeter was selected as most ad- 
vantageous. This gloss is high enough 
to be attractive, yet it is low enough 
that it will not amplify the appearance 
of imperfections and dust specks. 
Lower panel in Fig. 2 was prepared 
with a high gloss material and the 
upper panel with low gloss material. 
Grinding marks on the panel with the 
high gloss are more noticeable. 


HuMIDITY 


Humidity tests were conducted at 
95-100 percent humidity, 95 F, for 
200 hours. The panels were prepared 
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with the sample finishing materials on 
sheet steel, sheet aluminum and cast 
aluminum. These materials were 
identical with those used for the in- 
strument cases. This is an important 
check, for a given finish may perform 
differently on different materials. Two 
sets of these panels are seen in Fig. 3. 
All samples stood up well under this 
test, indicating * humidity resist- 
ance of the finish enamel. 


SPRAY AND IMMERSION TESTS 


Salt spray tests were not conducted 
on the sample materials. It was de- 
cided to expose the finishes to the 
humidity test because it simulates the 
operating conditions at more instru- 
ment locations and is fairly similar 
to the salt spray test. 

Water immersion tests were con- 
ducted at 95 F for 100 hours. Panels 
were prepared with the sample finish- 
ing materials on sheet steel and sheet 
aluminum. Results are shown in Fig. 
i. The two panels on the left are 
finished on aluminum and the two on 
the right on steel. All samples showed 
blistering, with some samples consider- 
ably more blistered than others. This 
test gives a good indication of the 
relative impermeability of the various 
finishes. he samples with fewest 
blisters have the more continuous and 
impervious film. , 


FLEXIBILITY 


The flexibilitys and, to an extent, 
the adhesion of the materials were 
tested by bending a steel panel coated 
with the sample material around a 3 in. 
mandrel. This size mandrel was used 
because this degree of bending is suf- 
ficient for service requirements. Three 
bending samples are shown in Fig. 4. 
The center finish, which broke and 
lifted slightly, indicates exceptionally 
poor flexibility and adhesion, and con- 





> 


-High specular gloss 


Fig. 2 
showing relative appearance. Grinding marks are plainly visible on high gloss panel. 
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finish (below) and a low specular 


























$ Table II —Results of TeslBix S: 
| Abrasion Test » 
Specular | ear 2 I 
Sample Gloss Thickness | Wear per : Hardness Bend Test | Humidinyg Wate 
No. | Gloss per | Inches |500 Cycles| Total No. | (toughness l'est 
Mil mg) of Cycles rating) 
removed) L 
] m g ur 0 000 7 47.7 650 272 OK OK - 
yall bl 
v of fi 
2 12 0.0011 | 60 800 250 OK OK Freed 
| nali DI 
| v of fil 
|; | n 0009|*30 | 1,175 450 — | Slight OK rered 
| breaking s relat 
| and lifting 
E í | a a o es s 
4 20 00016| 50 1,200 250 OK OK Ped 
iv lar 
Yeabili 
| 
S 12 0012| 39 | 1,279 | 390 OK OK [ered 
| s rela: 
6 |. 6 |0010 | 45 940 300 OK "73 
| veabil 


sequently was rejected. Adherence of 
every enamel was definitely better on 
steel than on aluminum. When alumi- 
num was painted, a primer coat was 
essential. 


FiLM THICKNESS 


Applied film thickness of the mate- 
rial must be considered for the inter- 
pretation of all test data, especially 
abrasion resistanee. The film should 
be sufficiently thick so that the mate- 
rial will have good filling and hiding 
qualities. A range from 0.0009 to 
0.001 5 in. was selected. The applied 


gloss finish (above) 


film thickness also has an influence on 
the final gloss. Above 0.001 5 in. the 
film thickness increases gloss above 
the 16 gloss per mil maximum. Thick- 
ness less than 0.000 9 in. gives a dead 
effect. 

The film thickness on steel panels 
was measured by a magnetic thickness 
gage. On aluminum panels a micro- 
meter measurement was made. After 
a. few comparisons it was found that 
steel and aluminum panels sprayed 
simultaneously had reasonably close 
film thickness so that the steel meas- 
urement could be accepted for the 
aluminum panel as well. 


COLOR  " 


It has become necessary to supply in- 
struments finished in various match- 
ing colors. Colored finishing mate 
rials are of the same basic formulation 
as the black finish with the exception 
of the pigment. Nonfading pigments 
are required. + | 

One special effect was noted with 
colored finishes. It was found that 4 
specular gloss of 9 to 16 gloss per mil, 
as specified for the black enamel, was 
too low for the colored finishes. The 
slight roughness of the surface caused 
by the pigments makes it difficult to 
clean. A specular gloss high enough 
to eliminate all roughness and dull 
appearance, yet still remain as low 4s 
possible, is needed. A desirable 
specular gloss for colors lies in the 
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esbix Samples of Baked Enamel Finishes 


| 











jl Water Immersion Test | Condition of Submitted | Spravability Remarks 
. | Wet Sample | 
I 
l 
| | | 
| | 
K fered badly. Large number} Satisfactory | Sprays satisfactorily. Rapid| This material inferior to No. 5 in hard 
nall blisters indicates permea- flash-off of solvents | ness and water immersion test. Ex- 
y of film. | tremely rapid flash-off of solvents after 
| spraying not to be desired. Specular 
| gloss too low. 
I . 
K rered badly. Large number Satisfactory Spravs satis! ictorilv This material inferior to No. 5 in ab 
nall blisters indicates permea- rasion resistance, hardness and watet 
y of film. | immersion test. 


K fered small blisters. Indi Thixotropic—not objectionable] Spravs satisfactorily Not acceptable because of inferior ad 





s relative impermeability of} when thinned for spraying hesion and flexibility. 

K (tered. Large number of rela-| Satisfactory | Sprays satisfactorily. Material} Not acceptable because of inferior ab- 
ly large blisters. Indicates has irritating, objectionable odor| rasion resistance and hardness, and ob- 
neability and lifting of film. | | jectionable odor of wet material 


Specular gloss too high. 


K tered small blisters. Indi-| Satisfactory Sprays satisfactorily Most satisfactory of the listed , six 
s relative impermeability of materials. 





| 
I 
I 





\K fered considerably. Small] Pigment settles out hard on} Spravs satisfactorily after strain-| Not satisfactory because of the hard 
trs. Indicates considerable] standing. Unsuited for pressure! ing | settling of the pigment on standing. 
meability of film. | feed systems | This would eventually clog feed lines. 

Specular gloss too low. 








ange of 40 to 60 gloss per mil. This 
tquirement for higher gloss is fairly 
Mindeni of the color. l 
ý Although the same specifications had 
j [n given to all vendors, the physical 
properties of the submitted samples 
s [aed widely. Considerable testing 
s [ud to be done to determine the a 
y Weptable materials. The most common 
œ casons for rejection were too high or 
t Pow specular gloss and low abrasion 
d Resistance and hardness. ‘Table II lists 
e [5t results on six samples. Complete 
s- [Valuation of such information is ad- 





— Fig. 4—Bending test panels to.test flexibility and adhesion. Failure can be seen 
e sible before selection. at the top of the center panel. All the panels were formed around a } in. mandrel. 





'&- 3—Appearance of test panels after: completion of 100 hour water immersion test. Two left panels finished on steel; two 
ight Panels on aluminum. A primer coat is essential when finishing aluminum. Even so, all enamels adhered better to steel. 
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Fig. 1—Photoelastic polariscope in which accurate optical alignment is maintained by mounting the condenser: housing, th: 
straining frame, the field lens housing, and the photographic and viewing station on two 1 in. ground steel alignment bars 


Photoelastic Investigation ol 


e Equipment required and preparation of photoelastic models. 


@ Analysis of stresses in blending curves of a keyway fillet. 
@ Effect of elliptical blending curves of different eccentricities. 


EVERETT CHAPMAN 


Consulting Engineer 


EXPLORATION of species of blending 
curves for sculpturing high duty ma- 
chinery is one of the great potentiali- 
ties of photoelasticity. The method 
is easy to use in the average drafting 
room to study critical contours of ma- 
chine components such as connecting 
rods, axles, gears, shafts and frames 
Detailed study of basic connections 
such as welded joints, bolts, nuts 
screw threads, keyways and all the 
little details that give the most trouble, 
dramatically presents to the designer 
a "feeling" for stresses that is of in- 
calculable value in the prevention of 
failure and the reduction of weight. 


EQUIPMENT USED 


Polariscopes that have appeared on 
the market in the past for the study 
of photoelastic phenomena have been 
assemblies of standard parts. Final 
optical alignment has depended upon 
the careful mounting of two or thre« 
The straining 


separate assemblies. 


13S 


frame necessary for loading a speci- 
men has usually been considered a 
separate item. Its design and con- 
struction have been left to the ingenu- 
ity and initiative of those purchasing 
the optical assemblies. In particular, 
it has been impossible to manipulate 
the load on the specimen from the 
viewing station. 

An integrally built photoelasti 
polariscope is shown in Fig. 1. The 
condenser housing, straining frame, 
field lens housing, photographic and 
viewing stations are mounted as an 
integrated unit on two 1 in. ground 
steel bars that insure accurate align- 
ment. 

The instrument is 22 in. wide and 
has a fixed .length of 72 inches. 
Within this fixed distance, the optics 
are arranged for variable magnifica- 
tions of the specimen on the viewing 
screen. A range of magnification 
from 3 to 6 is provided by a simple 
setting of the field lens, followed by 
precision focusing of the photographic 
lens. In the study of a photoelastic 
specimen, it is desirable to have vari 


Ous magnifications available. Examina 
tion at low magnification gives : 
general idea of the points of interest 
High magnification is needed for de 
tailed study of the fringe formation 
at a local stress concentration. 

All controls are centralized at the 
viewing screen. The loaded specimen 
can be moved by two handles so th: 
various portions can be placed within 
the polarized beam. One handle con 
trols the vertical movement of the 
specimen and the other the horizontal 
movement. The most important fe: 
ture of this arrangement is control « 
the loading of the specimen at th: 
viewing station. A crank arrange 
ment provides easy, continuou 
changes of load on the specimen ! 
the straining frame five feet awa) 
A complete picture of the boundary 
stresses can be obtained quickly “by 
studying stress patterns under mon 
chromatic light. Source and appe 
ance of the fringes and determinatio! 
of the fringe order at various pon: 
are observed in the specimen as 1t ? 
slowly loaded and unloaded. Loc 
tion of the load control mechanis? 
at the viewing station greatly fac 
tates this protedure. The centralize 
controls can be seen in Fig. | J% 
helow the ground glass viewing scree! 

Magnification and photograph 
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Fig. 2 


-Load application and scanning of loading area can be 
regulated by the observer with controls at the viewing station. 


Fig. 3—Photoelastic pattern of a ring in compression. Fringe 
orders are observed as load is increased and decreased. 


Stress-Relieving Fillet Curves 


areas are balanced against optimum 
specimen sizes. Small specimens are 
just as satisfactory for the formation 
of stress patterns as large specimens 


They have several advantages: 


If the worker is using a common 
plastic for his models, he will find that 
polishing a large specimen is labori 
ous compared to the polishing of 
small specimens. 


2. The average 6 x 12 in. plastic 


plate has considerable residual edge 
Stress, 

3. A small specimem cut 
well chosen area will not 
ing after final 
specimens will 

Parallel monochromatic light is 
given by aspheric condenser lenses 
that produce a 3 in. dia field for 
illumination of the specimen. The 
arrangement for producing circularly 
polarized light is such that the quar 
ter wave plates can be easily dropped 
out of the beam when plane polarized 
light is desired for the study of 
"de. 

The straining frame has a loading 
area of 8 x 8 inches. Within this 
area, tension, MM and bend 
ing loads can be applied to the speci 
men. Any portion of the area can 


from a 
need anneal 
machining. Large 
require annealing. 


‘be placed within the 3 in. polarized 


) 
Propuct 
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beam by manipulating the straining 
frame from the viewing station, while 
the specimen is under load. Fig. 2 
is a view of the loading frame. 

Viewing screen is 6} x 84 in. and 
is interchangeable with a photographic 
plate holder of the same size. Mini- 
mum magnification of 3 enlarges a 
three inch field to a nine inch image, 
whith fills the viewing area. A three 
inch specimen can be recorded in its 
entirety on a 64 x 8} in. film. For 
photographic purposes, either the full 
film size can be used or the film holder 
can be equipped with reducing masks. 
Maximum magnification of 6 is avail 
able for study of the fine detail of 
fringe formation in a local region of 
high stress concentration. 2 the 
boundary stresses of a 4 in. hole in 
the specimen can be melee on an 
image 3 inches in diameter on the 
viewing screen. The long dimension 
of the viewing screen and film holder 
can be oriented either vertically or 
horizontally. The choice depends on 
the shape of the specimen. 

Loading mechanism of the strain- 
ing frame is a remote controlled worm 
drive operating a weighing spring. 
Deflection of this spring is measured 
by an indicator having a large dial 
that is easy to read from the operating 
station of the polariscope. Results ob- 


tained in this polariscope by compress- 
ing a small doughnut frame are illus- 
trated by Fig. 3. Fringe orders are 
quickly determined by increasiag and 
decreasing the load while the specimen 
is under visual observation. With this 
arrangement, it is a matter of minutes 
to determine fringe orders and hence, 
boundary stress distribution through 
out the specimen. 


PREPARING MODELS 


Model making techniques must rc 
sult in models that are free of stresses 
The essence of such technique is that 
the material must be free of 
strains and the cutting tools 
cut: they must not rub or burn. 

Annealing may be used as a last 
resort to remove initial strains and 
those introduced by machining. But 
it is a delicate process which, if not 
— out meticulously, 
duce more strains than 
designed to remove. 

A cast resin, "CR-39," has an op 
tical sensitivity almost as great as 
Bakelite; the surfaces are highly pol. 
ished and well protected. The thick- 
ness is uniform and the material is 
remarkably free from strains. The 
use of this material eliminates tedious 
surface grinding and polishing opera 
tions. With proper machining tech 


initial 
must 


will intro 
those it was 
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Fig. 4—Circular fillet of a keyway corner. 
psi at fringe 8, upper right area, stress concentration at "hot 
representing a probable 20,000 psi stress. 


spot," fringe 16, is 2; 


nique, excellent models can be quickly 
made. 

The material is difficult to machine 
because it is brittle and tends to chip 
easily—particularly in the drilling 
and sawing operation when the tool 
edge breaks through the lower sur- 
face. In common with other ma- 


terials, it will have heat stresses in 


the edge from machining if the cut-, 


ting tools rub or burn. 

Stresses introduced by machining 
are heat stresses. The heat comes 
from a dull tool rubbing the edge. 
Grinding, for instance, results in a 
very poor specimen; the edge will be 
loaded with residual heat strains. It 
cannot be overemphasized that the 
tools used to cut photoeiastic models 
must be exquisitely sharp. To prevent 
chipping of the back edge on break- 
through, grind the drill bit or fly 
cutter so that the advancing tip breaks 
through 0.020 in. smaller than the 
hnal hole. The "heel" of the tool 
then finishes the hole to size. 


A recommended procedure for mak- 
ing photoelastic models is as follows: 
A template, the size of the model, is 
laid out on a piece of 1/16 in. ma 
terial using scribers and the usual 
Template material may 
be thin sheet brass or thin transparent 
such as celluloid or an acrylic 
The template is fastened to 
the specimen sheet and the outline is 
roughed out on a jig saw employing 
a saw blade with fine teeth. 


layout tools. 
Piast 


resin 


Second essential tool is a drill press 
for drilling and fly cutting holes in 
the model. The drill press should 
be equipped with a fine vertical feed 
to control the progress of the cutting 
through the material far more 
delicately than is afforded by the usual 


tool 
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If stress is 10,000 


reduced from 2 


rack and pinion spindle movement. 
The drill press should have a rotary 
table compounded with two linear 
movements at right angles to each 
other. Thus, the drill press becomes 
an inexpensive jig borer. 

Third essential machine is a high 
speed spindle using carbide milling 
cutters b. finishing the irregular out- 
lines of the specimen. The spindle 
should run at 20,000 rpm approx- 
imately. At this speed, a well sharp- 
ened carbide cutter will produce a 
finished edge with no heat stresses. 

Model making equipment then 
consists of a jig saw, a modified drill 
press and a high speed spindle. Such 
a setup, equipped with fine saws, 
properly ground drills and fly cutting 
bits, and carbide milling cutters in 
small diameters makes an easy, rou- 
tine procedure of the model making 
phase of photoelastic analysis. 


STRESS-RELIEVING CURVES 


An example of the type of photo- 
elastic investigation that leads to 
stronger structures by removing metal 
is shown in Figs. 4, 5, 6 and 7. 

Certain high speed compresso: 
wheels were bursting at a speed of 
33,000 rpm, which was in the upper 
operating range. Six rectangular key 
ways forming the driving spline were 
broached through the hub of the 
wheel. The corner of the rectangle. 
as originally designed, had a 0.030 
in. radius to relieve the square cor 
ner. This was the maximum radius 
that could be used because the "land" 
of the mating driving key required a 
definite area normal to the contacting 
faces. The fracture would occur 
every time along a definite straight 
line parallel to the axis at the end of 


Fig. 5—Stress distribution in an elliptical fillet of 0.24 eccen- 
tricity. Highest fringe order is 13. Stress concentration factor is 
to 1.625, proportionally affecting the stress. 


the radius. The fracture was so lo- 
calized that a straight edge laid along 
it hardly allowed light to pass. 


Stress distribution around such a 
radiused corner is shown photoelas- 
tically in Fig. 4. By carefully count. 
ing the fringes during their forma 
tion as the specimen is loaded, a 
datum fringe can be found from 
which to count the fringe order at 
the point of maximum stress. This 
datum fringe surrounds the area in 
the model that stays dark during trial 
runs throughout the entire loading 
range. In this case, fringe 8 was 
used. Counting from fringe 8, the 
highest fringe order at the “hot spot" 
corner is 16. Therefore the 
at the end of the radius where the 
wheel fractures is twice the shank 
stress of the specimen. A stress con 
centration of 2 exists. Assuming an 
average stress of 10,000 psi, the "hot 
spot" is stressed to 20,000 psi ap 
proximately. 

How can this stress concentration 
be reduced without introducing rad- 
ical changes in the original design; 
without increasing shaft diameter 
number of splines, or a similar 
change that would basically 
manufacture? 


stress 


affect 


Usual shape of a blending, stress 
relieving curve is a radius, based on 
the reason that the draftsman has 3 
compass which draws circles. Many 
other curves exist in nature, and it 1$ 
reasonable to assume that some might 
afford better sculpturing than circu- 
lar arcs. Photoelastic investigation 1s 
the easy, fruitful way to explore the 
stress characteristics of sculpturing 
curves used to blend the boundaries 
of highly stressed metal. 

For this problem, it was decided to 
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Fig. 6—Slightly 


examine ellipses of various eccentrici- 
ties. An ellipse was chosen because 
it could be nicely blended tangentially 
to the driving face of the keyway. 
The ellipse has’ a gentle changing 
tadius much less abrupt than a circu- 
lar arc and can accurately be incor 
porated in a broach for easy manu 
facture. Stress distribution around a 
fairly flat ellipse of eccentricity 0.24 
is shown in Fig. 5. Using the datum 
fringe, number 8, it is immediately 
apparent that the highest fringe ordei 
at the "hot spot” is 13. The stress 
concentration factor has been reduced 
from 2 to 1.625. At 
of 10,000 psi, the “hot 
16.000 pst, a 


an average stress 
spot IS 
gain 
of 4,000 psi over the circular arc 


stressed at clear 


Stress distribution around a slightly 
fatter ellipse of eccentricity 0.48 is 
pictured in Fig. 6. Following the 
same procedure, the "hot spot" shows 
à fringe of order 10. The maximum 
stress, when the average stress is 10,- 
000 psi, is now 12,500 psi approx- 
imately. This ellipse is 7,500 psi 
better than the circular arc. 

Stress around a still fatter ellipse 
having an eccentricity of 0.72 is 
shown by Fig. 7. Here we have 
passed the point of diminishing re- 
turns. For the datum fringe of 8, 
the "hot spot" fringe is now 11. Max- 
imum stress for the assumed average 
of 10,000 psi is now 13,750 psi, an 
increase over the previous curve. 


Thus, the 
0.50 


ellipse of eccentricity 
is the one to use. It drops the 
stress concentration factor from 2 to 
1.25. At an assumed average stress 
of 10,000 psi, it reduces the “hot 
spot” from 20,000 psi to 12,500 psi. 
Excellent progress has been made 
“one hoss shay” ideal. 


toward the 


fatter ellipse of 0.48 eccentricity. 
fringe order is 10, giving a 1.25 stress concentration factor. Prob- 
able stress is now 12,500 psi; a 7,500 psi gain over the original. 


) > 
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turns. 






A new broach was made and test 
wheels with  elliptically contoured 
splines were spun in the test pit. It 
was difficult to burst them at 43,000 
rpm because the driving turbine was 
in bearing trouble at this speed. Fail- 
ures were eventually produced at the 
(3,000 rpm speed. The gain in 
bursting speed over the "circular arc" 
bursting speed of 33,000 rpm was 30 
percent. The gain in bursting load 
(square of speed) was 69 percent. 
Fhis checks closely with the reduction 
of "hot spót" stresses of 62 percent as 
predicted from the photoelastic studies 

In addition, the wheel failed in a 
much more satisfactory manner. The 
fracture could not quite “make up its 
mind” 


just where to go. In contrast 


Eccentricity of 0.72 passes the point of diminishing re- 
Highest fringe order is now 11. 
with about 0.50 eccentricity will show the best results. 


Probably an ellipse 


to the “straightedge” fracture of the 
circular arc, the fracture along the 
elliptical sculpture wandered around 
as though all localities were hanging 
on for grim death. There seemed to 
he no definite “hot spot.” 

The photoelastic attack was com 
pleted in four days at a cost of three 
hundred dollars. A direct attack on 
the wheels would have cost much 
more in time and money. Three ex 
perimental broaches might have been 
made in three months and they would 
have cost five thousand dollars. Add 
to this the cost of extra experimental 
wheels and extra spin pit tests, and 
the total cost of the “brute force” 
analysis would be in the neighborhood 


of ten thousand dollars 


THE EARLIEST KNOWN definite reference to the porcelain enameling craft 


is found in the writing of Philostratus in the year 200 A.D 


Earlier, 


Homer mentioned a material which is thought to be porcelain enamel, 


but Philostratus was the first to call it by name. 


It is a long step from 


Philostratus to sauerkraut juice, but the porcelain enamel industry has 


found that this juice is very valuable to them 
of the strongest natural food acids and will stain many surfaces. 


Sauerkraut juice is one 
It is so 


strong that manufacturers of porcelain enamel products, wishing to give 
the ultimate test, boil them for many hours in sauerkraut juice 


* * 


* * 


MAGNESIUM METAL was first commercially pr xXduced in Germany about 


1913. 


Its principle use then was for photographic lighting. 


The use of 


magnesium as a light metal for construction purposes was slowed becaus 
of its inflammability in the pure form. 


* 


$ 


IN 1831, JOSEPH HENRY designed and tested the first sounding electro 


magnetic telegraph. 


He placed a 10 in. permanently magnetized iron 


bar on a central pivot. The North pole of this rod was positioned between 


the legs of a horseshoe electro-magnet. 


When energized, the South leg 


of the electro-magnet attracted the rod and swung it about its pivot. A 
bell was placed so that the bar magnet's South pole struck it when the 


system was energized. 
career as control mechanisms. 


Electro-magnets were thereby launched on their 
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Shop-Run Tolerances 


PART I 


* 


Advantages of shop-run tolerance standards and how they are 
established. Definitions for shop terms that are often misinter- 
preted. Tolerance tables for iron castings, blanked and pierced 
parts and parts bent on dies and bending machines. 


L. M. NIELSEN 


General Electric Company 


LACK OF ACCEPTABLE TOLERANCE 
SPECIFICATIONS on manufacturing 
drawings can cause the loss of much 
material and time. This Js especially 
true if a manufacturer purchases parts 
or sub-assemblies from outside sources 
or performs specialized operations 
such as casting, stamping, or screw ma- 
chine in separate divisions of the 
company. 

It is common practice to indicate 
tolerances for decimal dimensions on 
manufacturing drawings. Tolerances 
for fractional dimensions are usually 
determined by established rules such 
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as plus or minus 1/64 in. for dimen 
sions over 1 in. But when dimensions 
exceed ten or twelve feet, these toler- 
ances are unnecessarily close. Allow- 
able variations for dimensions of form 
such as squareness, parallelism, taper, 
eccentricity or out-of-roundness are 
usually not specified. 

When manufacturing drawings are 
dimensioned according to this prac- 
tice, much misunderstanding and con- 
fusion can result. It is necessary for 
the purchasing divisions or plants to 
know the tolerances within which the 
work may be expected to run, par- 
ticularly where such tolerances are 
not indicated on the drawings; other- 
wise, the purchased items will not be 


accept: ible. The manufacturing de 
partment, where much unskilled and 
semi-skilled labor is employed, can 
not clearly define the limits of accept 
ability to the machine operator. The 
verbal interpretations that are mad 
may be unfair and inconsistent. 

In order, therefore, that the op- 
erator may know what class of work 
is required, that the inspector ma; 
know the limits within the work 
should fall and that the engineer may 
know the quality of workmanship he 
may expect, a set of tolerance P 
known as "General Shop Practice" 
have been established in many plants. 
The collectien and coordination of 
this information for the use of the 
engineers, draftsmen, planners, super- 
visors and inspectors can avoid much 
of the former misunderstanding. 

When these tolerances have been 
established, the designer can indicate 
on the drawings any closer tolerances 
that are required for the functioning 
of the part. The manufacturing fore- 
man is also aided by being able to 
determine when equipment needs re- 
pair or adjustment. When the in- 
spection of the part indicates that the 
upper or lower dimensional limits are 
being approached, the machines or 
fixtures can be repaired or if neces 
sary, the operator can be given fur- 
ther instruction in the operation of 
the equipment. 

It is advantageous to have repre- 
sentatives of the various departments 
meet and discuss acceptable tolerance 
standards within which work can be 
economically produced. This coordi- 
nation can result in clarification of 
various manufacturing and engineer- 
ing practices and provide a source of 
information for dimensional limits for 
which no tolerances or special in- 
structions are given on the drawing. 


A shop-run tolerance committee is a 


good source for approval of all data 
before it is issued or changed. 

A variety of interpretations are 
often given for many supposedly com- 
mon shop terms. A glossary in the 
tolerance standards giving definitions 
for these terms will aid in avoiding 
this condition. The following are 
definitions of terms that are often 
given a variety of interpretations: 


TOLERANCE. The amount of variation per- 
mitted from the specified dimension in | 


manufacture of a part. 


SHOP-RUN TOLERANCES. A general syst 
of limits within which work can be | 
These tolerances apply 
conditions for whid 


limits or special instructions are not spe 


duced economically. 
to dimensions and 


ifed on the drawing. 


Limir. The maximum or minimum din 
sion of a part. 
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All 


e dimensions of mating parts, 


ALLOWANCE. intentional difference in 
to provide 


lesired fit 


rar a 
ALLOWANCE FOR FINISH. ÅA surplus of 
tock allowed on an unprocessed part to 


eure having enough material to permit 
processing of the surface to a desired finish 


ad/or dimension. 


ENTER The 
hunt within the surface, 
rotated to give a 
an indicator. 


center of a surface is a 
about which thc 
hurt is minimum total 


werent of 


DIAMETER. The length of a straight line, 
asing through the center of a 
«t, both ends of which terminate on the 


rcumference. 


round ob- 


AVERAGF DIAMETER. Several dimensions 
easured On a given circular or spherical 


face, averaged mathematically to deter 
ine conformance to tolerances on diametet 
aly. For thin walled rings, half rings 
t shells. 


CCENTRICITY. Eccentricity between 
lindrical surfaces is the distance between 
e centers of those surfaces. Eccentricity 
lerances apply only to cylindrical surfaces 
signated on the drawing of the part a: 
ving a common centerline. 


two 


UN-OUT. Run-out, as applied to à cir 
lar hole or a circular external surface, is 
total movement, at right angles to the 


is, Of a point in contact with that sut 


during a complete revolution. Run- 
t (full indicator reading) due to eccen- 


the 


ity equals twic amount of c 
tricity. 

!TOF-ROUND. The difference between 
maximum and minimum diameters in 


same plane. 


NGULARITY. Angularity is the regular 
nation of the plane or centerline of one 
tace with the plane, or centerline, of 
other surface. 

UARENESS, 
at an 


The quality of being squar 
angle of 90°. 


PER. A difference in diameter, width 
thickness per unit of length measured 
tight angles to the length. 


ATNESS, WAVINESS, STRAIGHTNESS. ‘The 

ue of irregularity of a nominally straight 
i ment of a part is the variation from a 
| e plane (or straight edge touching the 
; gn spots). 


“se 


ICH. The distance between correspond- 


, è points of consecutive dimensions for 
2 ‘teeth, screw threads, holes, etc. 
1 RING. The removal of turned-up or 
«ting edges of metal that result from 
‘ing, drilling, punching and general cut- 
g processes 
‘MFERING. The action of removing the 
'P edge, formed by the meeting of two 
n ‘ore surfaces, to a specified angle and 
) ension 
. 
1 n^ oeo 
h ‘ince each division or operation 
a. E às foundry, stamping and screw 
line has its particular. limitations 
" senera! run of work, standards for 


)D- tr] E 
prun tolerances can therefore be 
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established for each manufacturing 
unit. The requirements of the various 
divisions that purchase parts often dif- 
fer. Shop-run tolerance standard 
sheets can be added to include these 
different requirements 


FOUNDRY TOLERANCES 


So many different techniques are 
used in:the casting of metals that it 
is difficult to set up tolerances that 
would be applicable to all foundries. 
The type of molding equipment, as 
well as the grade of patterns used, 
tvill affect the quality of the 
as manufactured. The size and quan 
tity of castings required naturally 
determine the quality of pattern equip 
ment that can be economically pro 
vided. 

Typical methods that may be used 
for producing close tolerance castings 
in large quantities are: permanent mold 
casting, die casting, casting by the 
booking process (capping of green 
sand cores with drags and/or cope), 
wax mold precision casting, centrif- 
ugal casting, machine molding using 
metal patterns on cope and drag plates, 
machine molding using wood cope 
and drag me and casting with 
single metal or single meae DM 
There is d pn method « making 
complex castings of all sizes by the 
assembly of dry sand cores which 
in some of the more intricate castings 
make up the entire mold. 

The dimensional variations in cast 
ings will the 
change mechanical 


C astings 


increase as 


processes 
[rom 


operations 


to hand work such as: ramming, set 
ting of cores, placing the jacket 
molds made in slip flasks and rapping 
and drawing patterns 

In some cases the accuracy required 
in the final casting may justify a metai 
pattern or an expensive hardwood pat 
tern. Generally, when a small quan 
tity of castings is required, inexpen 
sive wood patterns which with proper 
handling will produce from fifty to 
one hundred castings are 
wood pattern equipment is used, the 


on 


used. H 


casting variations are considerably in 
creased because of the inherent char 
icteristics of wood, which is easily 


damaged and subject to. distortion 
[his not only makes it impossible to 
maintain close dimensions for any 
length of time but also makes it neces 
sary to allow clearances in the 
prints and at the joints of the cores. 
Average variations of plus or minus 
1/16 in. per foot of size usually arc 
found in all castings made from wood 
pattern equipment used in conjun 
tion with an assembly of cores. Finish 
allowances should be made to take 
care of these variations. 

Dry sand cores allow more dimen- 
sional variations in castings than green 
sand cores used in conjunction with 
the booking process. The reason for 
the added variations is the accumula 
tion of errors caused by core making. 
core drying and core setting as well 
inherent of metal 

shrinking sand core 
Close casting 


the 


«Orc 


as the resistance 
around a dry 
tolerances resulting from 
arc 


use of the booking process 


TL — — — —— 


Table I——Tolerances for Gray Iron Castings 


| 
Description of | 

Casting 
| 
Castings within a 6 in. cube inl 
size such as: motor caps, conduit| 
boxes, 





etc, 
Metal 


| sand cores 





Castings 


Type of Pattern 
Equipment Used 


Metal patterns 


patterns 


Pole ranci 


Wall thickness: + r in 


Height: + 35 in. 


with dry 


Wall thickness: 2 is in 





up to 9 in. dia. and} Metal patterns without dry| Wall J— E in 
10 in. high | sand cores Height: + 35 in., VEL 
Electric motor end shields 9 in.| Metal patterns with green} Height: 4- 3 in, — syin 
to 15 in. dia. sand cores Wall thickness: + 4g in 
| Out of round: + 3z in 
Castings up to 10 in. dia. and} Cast steel flask equipment] Wall thickness: + 3); 1n 


7 in high 








Large multi-cored castings made| Wood 

in small quantities with wall-| core boxes 
thickness from 7% in. to 1 in. 

Large — cored castings sali Wood 

in small quantities with wall-| core boxes 


thickness over l in. and over 
30 in. in length in any direction 


with booke d castings or cores} 
capped in green sand | 


patterns 


patterns 


Height: + 7% 1N., ‘an 


with wood| Wall thickness: 4 j' in 


| 
| 
| 


Wall thickness: + 34 in. 
Height: + 4% in. to + 14 in. 
| Finish allowance: $4 in. to 
|? in 
& In. 


with wood 


— — — — — —— — — — — — — — 
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Table II—Blanking and Piercing 
Tolerances 


Thickness Up to Up to Up to 


0.025 0.003 0.005 0.008 
0.030 0.003 0.006 0.010 
0.060 0.004 0.008 0.012 
0.084 0.005 0.009 0.014 
0.125 0.006 0.010 0.016 
0.187 0.010 0.016 0.025 
0.250 0.015 0.020 0.035 





made possible by the close fits for 
pins and bushings and avoiding hand 
setting of the cores. 

The use of metal core dryers re- 
duces variations ànd gives better sur- 
faces on castings. On small castings 
where a core is a necessity, metal core 
dryers are esseņtial to hold close toler- 
ances. When making large cores, 
«metal dryers are expensive, but when 
tolerances must be held this expense 
may be justified. 

Wood patterns and wood core boxes 
are used when making relatively small 
quantities of large castings. The large 
dimensional variations that result are 
caused by the clearance for loose pieces, 
fit of core prints, clearance on flask 
pins and plates on pattern boards, pins» 


and bushings in flasks and strains and 
shrinkage in molding. Added allow- 
ance for finish has to be made on 
large multi-cored castings where the 
individual cores are subject to separate 
movements in many directions. 

Castings made by using solid pat- 
terns will have better dimensional ac- 
curacy than those produced by pat- 
terns having interchangeable parts. 
However, when small quantities of 
large right and left hand castings such 
as steam inlets on turbines are re- 
quired, the high cost of patterns makes 
the use of inserts economically justi-, 
hable. Split patterns of the insert 
type require careful setting in order 
to avoid shifts. 

The shop run tolerances for castings 
produced by a gray iron foundry are 
shown in Table I. The tolerances given 
for small castings are based on the 
use of slip flask equipment and pour- 
ing with metal mold jackets. 


STAMPING TOLERANCES 


Tolerances that can be maintained 
in production are affected by so many 
elements that it is extremely difficult 
to give any set of rules or allowances. 
The kind and thickness of material 
used, the size of the part, dimensions 
and amount of mé pt in between 
draws, number of holes or slots, and 
their relation to bends, periphery and 





Table III—Tolerances for Bent Parts 





ANGULARITY OF BENDS OF PUNCHED PARTS (MADE ON REGULAR DIES) 


MS ee 
| fr Bo > 
I 


B, or Bg* Bosic dim. A, or Ay *:003' for decimal dim 
B, or Be* Bosic dim. A, or A2 $.005" for fractional dim. 
Angulority tolerance shall not be odded to lineor 


(dimensional) tolerance) 








ANGULARITY OF BENDS 
je- 





— ine TF 
| E 
A : I A 
I 
S. 1 B... 


F6 - 
B= t OIO per I" of A 
“B" shall not be added to linear tolerance of C 


(USING BENDING MACHINE) 


Bop e- 








TOLERANCE ON DIMENSIONS OF PARTS (USING BENDING MACHINE) 


p" 
~~; 


A 






Tolerance on Dimensions "A" 


[red men mer | 2018 | 
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maintained where the design will pe 









other holes, all affect the tolerance 
that can be maintained in blanking 
iercing, and forming. Table II give; 
banking and piercing tolerances. 

It should be noted that these toler. 
ances are all plus for blanking open- f 
tions. The size of the blanking die $ 
determines the size of the blank prof J— 
duced, and as the die is ground to ref 
sharpen, the die becomes larger b 
cause of clearance angle on the side 
and thus causes the blank to increas 
in size. For tolerances on pierced 
holes, the figures given should be used 
with a minus tolerance. The diameter 
of a hole in a blank is determined b 
the diameter of the piercing pund 
and since the punch wears with us 
the hole pierced will become smaller 
and the tolerances should be on th: 
minus side. Of course, the hole in 
the die for the pierce punch als 
becomes larger with wear, but thi 
only increases clearance between th: 
punch and die, and results in an in 
creased burr. This does not increas 
the dimension of the pierced hole in 
the blank. 

These tolerance values can ordinarily 
be maintained on steel, brass, copper, 
or aluminum parts. Softer materials 
such as fiber and rubber, are no 
subject to these tolerances. Usually 
these materials require greater tole: 
ances than those shown in Table Il 
To maintain closer tolerances on such 
material, a compound die can be used 
For thicker metallic materials shaving 
operations are used. The use of 
compound die will usually increas 
tool cost, and the addition of a shav. 
ing operation will increase the man 
ufacturing cost of a punching. 

Allowable tolerances on bent parts 
are shown in Table III. Distinctio 
is made between parts bent with dies 
in a punch press and parts bent on 
brake or similar equipment. ° 

For squareness of sheared part 
plus or minus 0.003 in. is allowed 
where the dimension is given in dec 
mals, and plus or minus 0.010 in. 0 
fractional dimensions for each 1 in 
of length along the surface bein 
measured. This tolerance is not added 
to the linear tolerance but is fo 
squareness only. 

On flatness of punched parts, toler 
ances of 0.005 in. per inch of lengt 
are usual. On bronze parts less th 
0.040 in. thick, tolerances of 0.010 in 
per inch of length are allowed. / 
flatness of 0.001 in. per inch can M 
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mit the use of a stippling die. i 
When punching washers with stod 
dies, the tolerance for eccentricity b 
tween hole and outside diameter 5 
0.004 in. on 1 in. OD or less, 4 
0.008 in. on OD over one inch 
PRODUCI May, 19% 
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LARGE ELECTROMAGNETIC FLUID CLUTCH of the type suited for use in automobiles and machinery. Six inches in diameter 


Pp and six and one half inches long, this clutch will transmit 40 hp at 3,000 rpm. 
Ehake, with slip rings; coil and pole pieces, normally bolted to end-plate; inner member with driven shaft; bearing, and end-plase. 


Parts are: 


Top, outer shell; left to right, driving 


not 

ually e ° . — 

ole: Magnetic Fluid Clutch—Efficient Power Transmission 

e Il 

SUJA NEW MAGNETIC FLUID CLUTCH, con- comprises three elements: A driving plates is a function of the gradual in- 
- rolled by small amounts of electric shaft with a plate at its end, a driven crease of magnetic field, electricaily 
“> power and characterized by high effi- shaft and plate, and millions of fine, controlled. 

NT 




















deny, smooth operation, long life, 
ind simplicity of construction has re- 
ently been demonstrated by its in- 
ventor, Jacob Rabinow, chief of the 
Ordnance Mechanic Section of the 
National Bureau of Standards. The 
lutch is based on the discovery that 
fictional forces between solid sur- 
laces and certain types of fluid media 
in be controlled by the application 
x magnetic fields. 

Developed as part of the work on 
mechanical aspects of the high-speed 
detronic digital computers now being 
onducted for the Office of the Chief 
pt Ordnance, Department of the Army, 
he new clutch has possible applica- 
tons in servo mechanisms, automatic 
‘ontrol of machinery, automobiles and 
many other fields where ease of 
ontrol and stability from low to very 
gh speeds are important. The prin- 
üple of the new clutch can be adapted 
pth equal advantage to the design of 
drakes, 

However, it is doubtful that auto- 
mobile brakes will be constructed using 


gh this principle. Axles are too big for 
a i ne size of brake needed and individual 


"heel units would add unnecessary 
; M'aeight. 


The s mplest magnetic fluid clutch 


a : 
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perfectly spherical iron particles, sus- 
pended in oil, packed between the 
inner surfaces of the two plates. Other 
than through these iron particles, there 
is no connection between the driving 
and driven elements of the system. 


PRINCIPLES AND OPERATION 


The newly discovered effect is ap- 
plied to clutch operation in the fol. 
lowing manner: When space between 
two parallel magnetic plates is filled 
with finely divided magnetic particles, 
such as iron powder particles with an 
average size of 8 microns, and a mag- 
netic field is established between the 
plates, the magnetic particles form 
chains that bind the plates together. 
The power that can be transmitted 
through the clutch is dependent on: 
Size of plates, number of plates and 
strength of current. 

Operation of the clutch is char- 
acterized by smoothness and absence 
of "chatter". In the ordinary dry- 
friction clutch there is usually a large 
difference between the magnitude of 
static and kinetic frictional forces. This 
effect gives rise to a natural tendency 
to chatter. In the magnetic fluid 
clutch, locking force is practically con- 
stant, and the bond between the two 


Because the relation between the 
amount of magnetization and the bond 
between the plates is linear, and inde- 
pendent of speed, there is no point at 
which the clutch is fully engaged, and 
the load applied is not greater than 
that for which it is designed, slippage 
is completely avoided. This gives a 
unit that is mechanically 100 percent 
efficient. Smoothness and efficiency 
are also characteristic of similar elec- 
tro-magnetic brakes. 

A major advantage of this clutch 
is that wear is practically non-existant. 
All of the working surfaces are bathed 
in oil and such small amounts of wear 
as might occur would simply add to 
the supply of iron particles. 

The first practical model has been 
tested for a period of six months, and 
no measurable wear has occurred. In- 
tensive wear tests will be run to de- 
termine the exact wearing rate. Gaps 
used in these clutches are large and 
wear would have a negligible effect. 

Perhaps the most obvious large-scale 
application of the magnetic fluid 
clutch is for automobiles. The feature 
that particularly adapts the new clutch 
for use in cars is its ease of control, 
which makes it suitable for service in 
automatic transmission systems where 
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600 1:000 1200- 
TORQUE-SPEED CURVE for a 3 in. disk 
magnetic fluid clutch. Although only d-c 


excitation is shown, these clutches can be 
operated from alternating current supply. 


permanently engaged gear trains are 
clutched in and out for non-shift op- 
eration. Since amounts of electrical 
power required to control the clutch 
are small, it is a simple matter to inter- 
lock the electrical circuits with the 
speed, throttle setting or power de- 
mands. Its long life and simple con- 
struction recommend it for this use, 
according to the inventor. 


UseD WITH SERVO-MECHANISM 
Bureau of Standards personnel be- 
lieve that the main field in which the 
new clutch will find extensive applica- 
tion is with servo-mechanisms. Such 
devices are now used for power steer- 
ing of large trucks, tanks, steamships 
and aircraft. Power brakes utilizing 
servo-mechanisms are being extensively 
used in heavy-duty trucks and in some 
expensive passenger automobiles. They 
are used in printing presses, power 
machinery, to control radar antennas 
and gun direction, in range finders and 


in electronic computers. 


F 


FIRST PRACTICAI. MAGNETIC FLUID 
CLUTCH test model made by National 
Bureau of Standards. Magnet coil can be 
seen on upper plate surrounding the free 
center disk which connects to the driving 
shaft. Power source is not shown. 
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STATIC TEST TORQUE of 3 in. disk 
clutch made by the National Bureau of 
Standards. Alternating current excitation 
produces similar curve with lower values. 


While servo-mechanisms can be 
operated using variable speed motors, 
hydraulic transmissions, and a number 
of other means, clutches and brakes 
have several marked advantages over 
all of these devices, according to the 
inventor. They are particularly use- 
ful not only because of low-inertia-to- 
torque ratios, but also because of their 
ability to be final elements of electro- 
mechanical amplifiers. 

Given the need for a clutch as an 


essential element in servo design, fur-: 


ther considerations, until now unsatis- 
factorily solved for some applications, 
are that the clutches and brakes must 
be extremely smooth in operation over 
a wide range of speeds, that they be 
easily and almost instantaneously con- 
trollable, and that they do not change 
their characteristics through wear. The 
magnetic fluid clutch seems to meet 
these design requirements in a satis- 
factory manner. 


GAP DESIGN 


Design principles of the magnetic 
circuit of this clutch are no different 
from those used in all other electro- 
magnetic machinery, with the excep- 
tion that the value of the permeability 
of a suitable mixture of the carbonyl 
iron and oil is approximately 8 times 
that of air. A permeability of 8 im- 
plies that an iron powder gap of 0.080 
in. has the same reluctance as an air 
gap of 0.010 in. Higher permeabilities 
can be obtained by using less oil, larger 
particles, or aggregates of large and 
small particles. 

One of the main considerations in 
the choice of gap dimensions is the 
effect of viscous lus In a clutch of 
the type suitable for automotive use, 
the viscous drag of the clutch plates 
when the magnet is de-energized must 
be kept to a minimum, while in an 
overload clutch this effect may be of 
no importance. 

This drag can be minimized in 
several ways, such as using a thinner 
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STATIC TEST TORQUE of 6 in. clutch 


unit with d-c excitation. This clutch is suit. 


able for automotive service and need not 
be much larger for use on present cars 


mixture of iron and oil, using lighter 
oil, increasing the spacing between 
plates and driving the clutch at lowe: 
p Mechanical devices that change 
the spacing of the plates automatically 
when the clutch is demagnetized can 
be used. 


SEALING CLUTCH UNIT 


Sealing the oil-iron mixture in its 
compartment is one problem that 
arises in connection with these clutches 
There are two separate places where 
such sealing is generally required. One 
is the point where the shaft support- 
ing the internal member leaves the 
assembly, and the other, if an internal 
coil is used, is the point at which the 
leads are brought out. Good results 
have been obtained by using rubber 
“O”-rings at the shaft bearing. 

If there is danger of the iron par- 
ticles getting into ball bearings, a 
magnetic lock can be added beyond the 
seal to trap any particles that get that 
far. Such a magnetic lock can consist 
of a permanent magnet ring flanked by 
two iron washers. 


WINDING PLACEMENI 


It appears advisable to place the elec- 
trical winding inside the clutch for 
several reasons: This placement re 
duces the amount of wire needed; it 
puts the torque surfaces at the max 
imum radius; it permits better dissipa- 
tion of heat generated by the friction 
surfaces; and it reduces the overall 
size and inertia of the clutch. There 
may be times when these considera 
tions are not important, but when seals 
present difficulties. When a very small 
shaft is used, the coil can be placed of 
the outside of the friction surfaces. 


MIXING OIL 
It was found by experiment that the 
nature of the oil used in the magnetit 
fluid clutch has relatively little bearing 
on performance. Silicone liquids can 
be used with excellent results enabling 
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he clutch to operate at very low and 
ey high temperatures, a considera- 
ion Of great importance in military 
qipment. Kerosene, or any lubri- 
ting oil can also be used, depending 
n service requirements and seal de- 
gn employed 

It was found that the first clutch op- 
ated best with a mixture of oil and 
thonyl E iron, composed of particles 
ih an average size of 8 microns. As 
as expected, torque capacity increased 





itch ~ — 
uil the proportion of iron to oil was 


not fncreased. A ratio of 9 parts of iron to 
ars. part oil, by weight, gave optimum 
roperties to the experimental clutch. 


——— 
een INDUSTRY IS INTERESTED 


wet These clutches can also find applica- 
Ngefion in the automatic control of ma- 
ally hinery where servo-mechanisms are 
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operations, and for overload devices. 

One manufacturer of materials han- 
dling fork trucks has evidenced con- 
siderable interest in this clutch. Ordi- 
nary clutches used in lifting and 
lowering loads and for motivating the 
truck have had to be replaced on an 
average of once a week. A long-lived 
clutch would bring about a large sav- 
ing in maintenance time. 

A sewing machine manufacturer is 
representative of many who desire a 
clutch that will smoothly start and 
stop machines in minimum time. The 
most optimistic viewer of the clutch to 
date has suggested its use in battle- 
ship propulsion, but the bureau does 
not feel this will be feasible. 

Patent applications for the new in- 
vention have been filed by the in- 
ventor, with all rights assigned to the 


can fot involved, as in drilling and tapping United States Government. 
à Locomotive Gas Turbine 

nat e + 

he Disclosed in Development Stage 
ere 


One PROGRESS OF THE LOCOMOTIVE GAS 
ort- BURBINE, successfully operated during 
the inning tests, was recently disclosed 
rli a conference of General Electric 
theflo. and American Locomotive Co. 
uults Fecutives in Schenectady. Both com- 
ber unies are cooperating in the develop- 
ent, in which actual operating —— 
ons have been duplicated as nearly as 
osible in the test stand design. 
This turbine, weighing about four 
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pounds per horsepower, will develop 
4,500 hp at 6,700 rpm with a turbine 
inlet temperature of 1,400 F. The 
19 ft unit has an over-all thermal 
efficiency of over 17 percent after 
allowance for all losses, and including 
power for auxiliaries. 

After running tests of several hun- 
dred hours, inspection has revealed no 
need for making extensive changes in 
basic design. 


eee ene 


tal locomotive gas turbine set up for running tests. Manufactured by American Locomotive Co. and General Electric Co., the 
ing tested in Schenectady on a stand built to locomotive dimensions. Outside working areas are equivalent to actual cab space. 


= S + + + + 


As presently designed, this gas tur- 
bine is started by an auxiliary diesel 
engine, and is initially fired on diesel 
fuel. Spark plugs are used to ignite 
the fuel-air mixture. As idling speed 
is attained, diesel fuel is replaced by 
Bunker "C" grade oil and the starting 
mechanism, including spark plugs, 
automatically cuts out. Continuous 
firing and absence ef reciprocating 
parts should reduce vibration and 
mechanical stresses. 

Because it is a two-stage turbine, 
new ideas of turbine wheel design 
have been introduced. Bucket veloc- 
ity is high in turbines with few stages 
so that inlet temperatures will not be 
excessive. The higher velocity does 
not increase bucket stress, but does 
tend to increase wheel stresses. This 
tendency is countered in two ways: 
Thick wheels of approximately con- 
stant and moderate stress design are 
used, and a composite construction is 
employed. 

The wheel rim is composed of 
stainless material suitable for high 
temperature operation, and the cen- 
tral wheel portion is made of low- 
alloy high-strength steel suitable for 
operation under 700 F. The rim is 
welded to the central portion. This 
construction results in a wheel that 
is stronger at center than if high tem- 
perature alloys were used throughout. 
The shaft is forged integral with the 
wheel center. 

Since differing rates of expansion 
might have made this type of con- 
struction impossible, rigorous tempera- 
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ture cycling tests were conducted. One 
wheel has been heated at the rim to 
1,400 F, while the central portion was 
cooled, and then water-quenched. It 
has been through 100 of these cycles 
and has shown no signs of deteriora- 
tion. In operation, the central por- 
tion of the wheel is air-cooled. 

Charles E. Wilson, President of 
General Electric, and Robert B. Mc- 
Coll, President of American Locomo- 
tive, stressed that railroad prime 
movers change slowly. The diesel- 
electric engine is only now coming 
into its own—yjoint Alco-GE research 
started in 1924. Though the locomo- 
tive gas turbine is developing steadily, 
it will not be in real use for many 
years. 


Laminated Plastic Polarizer 
Reduces Glare 


REDUCING GLARE IN ALL DIRECTIONS, 
a new laminated plastic sheet that 
polarizes light has been developed by 
Polarized Illumination Inc., White- 
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stone, Long Island, N. Y. Unlike 
conventional glare reducers, this mate- 
rial, known as Polaply, contains no 
crystals and polarizes light in every 
direction instead of just one. 

Conventional crystal polarizers trans- 
mit 35 percent of light output. A 
reflux action occurs when Polaply is 
used with a reflector coated with de- 
polarizing white paint or enamel. 
Actual transmission of the unit is 67 
percent of the lighting fixture output. 

The Polaply unit comprises numer- 
ous plastic sheets, with total thickness 
of approximately 0.020 in., held flat 
between two layers of glass or strain- 
free plastic. Upper glass layer can 
be transparent or diffusing; lower 
glass sheet should be transparent. 
When viewed from below, light is 
radially polarized through 360 deg of 
the Polaply surface. 

The material is held in horizontal 
position under fluorescent or incan- 
descent light sources for general light- 
ing applications. For side-lighting and 
display purposes, the sheet can be 





E W S 


held vertical or at an angle. Since th 
maximum polarizing effect and lig, 
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intensity are found between angles q pp. 
20 and 70 deg with plane of th 
Polaply surface, small vertical sy - 
faces can be best illuminated b$ Go 
slightly tipping the Polaply unit. Fired 
Ordinary objects are composed o$; th 
microscopic particles arranged in even ittec 
direction and each particle has a diim; 
flective outer surface. From any ffhin 
server position, surfaces of some pathueste 
ticles show glare. Polaply causes ülbrsid 
omnidirectional polarized light to Whose 
refracted into the surface where it Renate 
partially absorbed by pigment layefhts ; 
and then reflected back to the e@ He; 
With no surface reflection there is obire 
glare. Overall effects are: Increas@ Nat 
contrast ratio, improved _ visibilitftunds 
more accurate color perception and mm 
duced eyestrain. Also, a new conca 
of correct lighting has been introduce 
It is claimed that contrast ratio wile 
now determine effective lighting ig 
stead of the former standard of lig 
intensity. ho f 


Aluminum Extensively Used in Smallest Turbo-Jet 


SMALLEST TURBO-JET ENGINE of its 
type ever built, the 85 Ib Boeing Air- 
craft Co. Model 500 develops 150 Ib 
thrust at 36,000 rpm during take-off. 
With static cruising rating of 100 lb 
thrust, this unit rotates at 32,000 rpm. 

Single stage centrifugal flow com- 
pressor has two-piece aluminum alloy 
casing integral with diffuser, and two 
tangential outlets connecting with the 
two, independent, stainless steel com- 
bustion chambers. A two-piece alu- 
minum alloy impeller unit comprising 
an inducer section with 22 blades is 
attached to front of 22-blade main 
impeller and gives a compression ratio 
of three to one. 

Power is developed by a single stage 
axial flow gas turbine with a fabri- 
cated steel diaphragm having 27 in- 
serted nozzle guide vanes. The rotor 
disk is made of special alloy steel with 
64 welded, solid blades giving a 7.28 
in. diameter. Gas temperatures at 
full power are 1,500 F before turbine 
and 1,250 F after turbine. 

The 22 in. dia turbo-jet engine has 
a length, without tail tube, of 29 in. 
and a frontal area of 2.2 sq feet. 

Started by compressed air starter, 
the Model 500 is suitable as a thrust 
source for missiles, glide bombs or 
small airplanes, and can be used as 
a starter engine for larger jet units. 
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di ashington Notes 


Appropriations Cut in 
ommittee 


Government research activities suf- 
ered in varying degrees at the hands 
Wb the House Appropriations Com- 
evehittee last month. Few agency pro- 
rms went through without leaving 
eind dollars which had been re- 
uested for their opetation in the 
President's budget for fiscal 1949. 
ose trimmed most are hoping the 
Renate will restore House Committee 
hits, at least in part. 

Here are some of the House Com- 
ittee cuts: 

National Bureau of Standards— 
Wunds for Research and testing cut 
$55,000 dollars below budget request 
03 4,755,000 dollars. The committee- 
pproved figure is 2,100,000 dollars 
) Wielow the amount available for fiscal 
1048 work. 

™ Office of Technical Services—Noth- 
ng for 1949; compared with 790,000 
lollars in 1948, and 520,000 dollars 
sked in. fiscal 1949 budget. 

Bureau of Census—No appropria- 
ons for a census of business, long 
ought by business groups. Current 
tatistical reports, supported by 5.7 
illion dollars in 1948, would get 
ly 3.7 million dollars in 1949 fiscal 
riod. 

Tariff Commission—1.2 million dol- 
approved for 1949, which is the 
Mount requested in the budget; a 
000 dollar increase over 1948 ap- 
Opriation. 

Anti-trust Division, Department of 
istice—increase to 3.4 million dol- 
fs is recommended, compared with 
happropriation of 2.4 million dollars 
(1948, and a budget request for 3. 

ion dollars. 


ipreme Court Rules 
liolation of Anti-Trust Laws 


The Supreme Court recently re- 
wed many of the rights and priv- 

es that for 20-odd years have been 

of owning a patent. 

In twin decisions handed down the 
Durt: 

(1) In the U.S. Gypsum case, 
Mnimous]y outlawed the use of a 
t as a device whereby a single 
ent-owner and his licensees could 
E prices on the entire national output 
à product (gypsum wallboard). 

(2) In the Line Material Co. case, 
lared that ownership of patents 
not permit two owners to cross- 
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One-Inch Cone-Drive Handles One Horsepower 


DRASTIC REDUCTION in size of low 
power gear mechanisms is made pos- 
sible by use of small Cone-Drive gear 
set recently announced by the Michigan 
Tool Company. A gear set for the 
cabin supercharger of the Douglas 
DC-6 "super comfort" planes has to 
drive the oil pump for an air condi- 
tioning installation big enough for a 
20-room house. Various gear sets 
were tried in efforts to reduce weight. 

Because there are more teeth in con- 


license their patents (on dropout fuse 
cutouts) and then fix prices on the 
product made by other manufacturers 
through use of both patents. 

Both these practices, the Supreme 
Court ruled, are violations of the anti- 
trust laws. 

In overruling lower court decisions 
on both cases, the Supreme Court 
came close to removing a patent land- 
mark which has stood since 1926. 
This was a unanimous court decision 
in the so-called General Electric case 
of 1926. It gave a patent owner 
(GE) the right to fix the minimum 
price at which a licensed competitor 
(Westinghouse) could sell light bulbs 
made under G. E.’s patents. 


Liquid Fuels 
Program Extended 


The Government's synthetic liquid 
fuels development program (oil from 
coal, etc.) has been spurred to full 
pitch by a 30,000,000 dollar appro- 
priation. Passage of the O’Mahoney- 
Case synthetic ft -— bill in mid-March 
continues the 1944 authorization of 


a set 
Was 


tact in the Cone-Drive gear sets, 
with center distance of 1 1/32 in 
found to be large enough. 

At take-off, input* pinion speed is 
9,000 rpm and the pump delivers 
gpm under a discharge pressure of 
155 psi, requiring more than 1 hp; 
under cruising conditions, pinion speed 
is 6,330 rpm and the pump delivers 
54 gpm under a discharge pressure 
of 100 psi, requiring about 3 hp 
continuously. 


the study for another three years, and 
provides the nec essary funds. 

The Office of Synthetic Liquid 
Fuels of the Bureau of Mines wants 
to develop processes from experimen- 
tal to commercial levels. It is attack- 
ing the problem of augmenting the 
nation’s Filing petroleum production 
from three directions, each utilizing 
a different raw material. These include 
hydrogenation (liquidation) of coal 
and lignite, retorting of oil shale, and 
synthesis of coal gas. 

A fourth method of producing syn- 
thetic fuel, by synthesis of natural gas, 
is being developed by the oil industry, 
and is approaching commercial feas- 
ibility. 

Most promising of the government 
experiments is the coal gas synthesis 
(Fischer-Tropsch) process. Although 
this turns out only a middle-grade 
product (motor gasoline and diesel 
fuel) it covers the area of greatest 
common need. Development strides 
have been enormous, but the produc- 
tion cost of the synthetic, compared 
to the natural product, is still out of 
range by five to seven cents a gallon. 

Distillation of oil shale, which 
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turns out a product similar to heavy 
crude, is also beginning to look prom- 
ising from a commercial standpoint. 
Its price per barrel is close to that for 
natural crude, but shale crude is still 
inferior to natural. 

The coal hydrogenation process re- 
turns the highest-quality product 
(aviation gas) but is still far away 
from present costs of like products 
distilled from petroleum. 

Immediate result of the new appro- 
priation will be construction, starting 
this summer, of a 4,500,000 dollar 
coal gas synthesis demonstration plant 
at Louisiana, Mo. This facility, de- 
signed to produce 80 barrels of gas- 
oline and diesel oil a day, will be the 
final addition to the line of pilot and 





New Pyrometer Measures Rocket Exhaust Temperatures Also, 


HIGH TEMPERATURE MEASUREMENT 
is rapid and accurate with a new photo- 
metric device designed and developed 
at the Aerophysics Laboratory of 
North American Aviation, Inc. Based 
on equivalence of absorptivity and 
emissivity for flame gases, the Absorp- 
tion-Emmission Pyrometer reads, and 
records on oscillograph paper, tem- 
peratures of flames between 1,500 and 
1,000 F. Absolute temperatures are 
obtainable with accuracy of one per- 
cent. This pyrometer was designed 
for use on soot-bearing, luminous 
gases, but can be converted for use 
with non-luminous flames. Additives 
to supply light or infra-red techniques 
can be used. 

In this instrument, a beam of light 
from a tungsten filament lamp is split 
into two beams (see diagram) by a 
semi-transparent mirror. The first 
beam passes through the flame whose 
temperature is being measured, and 
is then reflected via a mirror system to 
a photocell. A second beam passes 
around the flame, through another 
mirror system, to the same photocell. 
Diaphragms in both optical paths 
make it possible to balance the bright- 
ness of the two beams, as viewed by 
the photocell, so that when no flame 
is present, both beams are of equal 
brightness. The light beams strike the 
cell alternately through a rotating 
mirror-shutter. 

When a flame is introduced into 
one of the light beams, it changes the 
brightness of this beam as viewed by 
the photocell. The flame either emits 
more light than it absorbs, or vice 
versa. Hence, the two light beams 
viewed by the photocell no longer are 
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demonstration plants the government pected to be able to induce Senate vote 
is building. When all the plants are for the funds, but conferees will hay 
completed, the researchers will have a a harder time convincing the Hous 


demonstration facility for each of the this year. 


three methods of making synthetic oil. Most likely prospect if the funds ar 
not voted: Library of Congress will in. 

OTS To Be Cut Back herit the job of filling orders for the 
documents already cataloged; doc. 

The office of Technical Services ments unread will be put into storagfijame 


seems to be causing Congressional ac- for future action. 


tion paralleling last year’s. The House About 200 of 1, 
Appropriations Committee followed language microfilmed documents hav 
the script by refusing an appropriation been evaluated and reported to OTS 
for OTS. However, the Senate Appro- OTS officials want to catalog all title 
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priations Sub-committee voted $200,- and evaluations in the weekly OTMhapes 


000 for a one-year OTS extension. bibliography so that interested com 

Even this was a drastic reduction from panies will at least have an index t; 

the $520,000 asked. the raw material that will be published 
The full Senate committee is ex- by June 30, 1948. 
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of equal brightness. By varying the 
brightness of the tungsten lamp it is 
possible to find a point at which the 
prightnesses of the two beams are 
again equal. At this value of lamp 
‘Brightness, the flame emits as much 
light as it absorbs. Hence at this 
point, the true temperature of the 
fame is equal to the brightness tem- 
rature of the lamp. The brightness 
iülltemperature of the tungsten lamp must 
Bde evaluated at the effective wave- 
‘length of the photocell. 

This pyrometer has several advan- 
tages over the method of sodium D- 
‘line reversal temperature measure- 
X túlment. No sodium salt need be added 
shedffto the flame of the fuel under investi- 
gation, and no operator is needed close 
to the flame. This is an important 
consideration in rocket motor research 
where the motor is liable to explode. 
Also, the sodium line reversal method 
annot follow changes in temperature 
because Of the time required to make 
à measurement. 

It has been found that semi-reflect- 
ing mirror initially used to split the 
light beam into two equal parts was 
not accurate enough. It should be 
replaced by a solid mirror placed to 
reflect half of the light beam. The 
two-blade rotating mirror was replaced 
by two synchronized rotating shutters 
(see illustration) which are phased 
to interrupt one beam while the other 
is transmitted. 

Because of these changes, the tem- 
peratures of thin flames and of flames 
that contain very small amounts of 
soot can be measured with an accuracy 
greater than one percent. 




















































Nonmetallic Magnets 
Used in Industry 






PLASTIC MAGNETS, rumored to be used 
by Japanese on free "invasion" bal- 
ns, are being used industrially ac- 
mOrding to a recent announcement by 
the Plastics Research Co., Alhambra, 
Calif. 

Based on an obscure theory pro- 
pounded by Michael Faraday, these 
non-metallic magnets, called “‘elec- 
trets,” are simply and inexpensively 
made. They cost about 1/10 as much 
as eee magnets of cobalt steel. 
_ Although electrets manifest polar- 
ation characteristics of the magnetic 
ype, the plastic units function as elec- 
trical instruments and vacuum tubes. 
. Electrets have been used success- 
tully in the manufacture of micro- 
phones for home recorders. 

Àn electrometer, which is analogous 
[? * mirror-galvanometer, has been 
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made by freely-suspending an electret 
between two plates to provide a dipole 
which can be proportionally displaced 
when the plates are charged to a 
measurable potential. This roughly- 
built instrument has a sensitivity of 
0.5 v per division. 

Aside from their sensitivity, elec- 
trets should have an advantage in 
electric motors because dielectric ma- 
terials do not conduct heat as readily 
as metallic magnets. Because they 
are inexpensive, they should find use 
in detonators and expendable timing 
mechanisms. 

Plastic magnets can be used in place 
of permanent magnets of metal where 
temperatures do not exceed 300 F. 
When greater temperature resistance 
is essential and strength is not, ceramic 
electrets can be used. Much inde- 
pendent research is being done with 
ceramic magnets. 

As with cobalt steel permanent mag- 
nets, the polarization of an electret 
can be expected to decay after several 
years. However, there has been no 
apparent decay in polarization of any 
electrets during two years of experi- 
mentation. 

Electrets will not exhibit maximum 
polarization capacities for several days 
after they have been solidified and 
removed from the electric field. Many 
electrets will also display a "secondary 
piezoelectric" effect, which probably 
results from internal stresses and 
which is manifested by a tendency of 
the positive and negative surfaces to 
exchange charges. Since the exchange 
will be complete and permanent, an 
electret should be allowed to age for 
at least a week before it is used. 

Extensive tests have shown that 
both thermosetting and thermoplastic 
materials can be used to produce elec- 
trets. The thermosetting phenol-for- 
maldehydes, allyl-styrene polyesters, 
furfural or furfuryl compositions, urea 
and melamine materials can be used. 
Of these, the unsaturated polyesters 
appear to be most desirable. 

Among the synthetic thermoplastics 
that are suitable for the fabrication of 
electrets are acrylics, ethyl cellulose, 
polystyrene, and vinyl polymers or 
copolymers. 

Metal foils should be used to cover 
unidirectional electrets that are to be 
stored or shipped, because such pack- 
aging materials will prevent unde- 
sirable discharges. The foil is anal- 
ogous to usual magnet “keepers.” 
When electret units are assembled to 
exert a bipolar influence in a single 
direction, conventional keepers can 
prevent discharges. 
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MEETINGS 


May 3-7 

AMERICAN FOUNDRYMEN'S ASSO- 
CIATION—Annual Meeting, Philadel- 
phia, Pa. 


May 3-14 

BRITISH INDUSTRIES FaIR—Spon- 
sored by Export Promotion Dept., held 
in London and Birmingham. 


May 6-7 

ANTHRACITE CONFERENCE — An- 
nual Conference at Lehigh University, 
sponsored by Anthracite Institute and 
Lehigh University. 


May 7 

AMERICAN INSTITUTE OF CHEM- 
ists—Annual Meeting, Waldorf-As- 
toria Hotel, New York, N. Y. 


May 20-21 

SOCIETY OF THE PLASTICS INDUS- 
TRY—Annual Meeting and Exposition, 
Hotel Ambassador, Atlantic City, 
N. J. 


May 20-22 

AMERICAN SOCIETY OF MECHAN- 
ICAL ENGINEERS—Oil and Gas Power 
Division Meeting, Hotel Jefferson, St. 
Louis, Mo. 


May 27-29 

SOCIETY FOR EXPERIMENTAL 
Stress ANALYsis—Annual Meeting, 
The Roosevelt Hotel, Pittsburgh, Pa. 


May 30—June 5 

AMERICAN SOCIETY OF MECHAN- 
ICAL ENGINEERS—Semi-Annual Meet- 
ing, Hotel Statler, Milwaukee, Wis. 


June 6-11 
SOCIETY OF AUTOMOTIVE ENGI- 
NEERS —- Summer (Semi-Annual) 


Meeting, French Lick Springs, French 
Lick, Ind. 


June 17-19 

AMERICAN SOCIETY OF MECHAN- 
{CAL ENGINEERS—Applied Mechanics 
Division Meeting, Illinois Institute of 
Technology, Chicago, lll. 


June 21-25 

AMERICAN SociETY FOR TESTING 
MATERIALS—Annual Meeting, Hotel 
Book-Cadillac, headquarters, Detroit. 


AMERICAN INSTITUTE OF ELEC- 
TRICAL ENGINEERS—Summer General 
Meeting, Mexico City, Mexico. 


June 28—July 1 

AMERICAN ELECTROPLATERS’ So- 
ciETY—Annual Convention and In- 
dustrial Exposition, Ambassador Ho- 
tel and Convention Hall, Atlantic 
City, N. J. 
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Ew OZACLOTH... 


improves even your best drawing! 


Order an Ozacloth print of your best pencil or ink 
drawing...and you'll be the first to admit the improve- 
ment. 


For Ozacloth has characteristics never present in an 
original drawing...never offered before in an “Interme- 
diate” print: 

1. OZACLOTH increases the opacity of pencil and ink 
images...gives you a translucent “duplicate” which pro- 
duces better prints than the original. 

2. OZACLOTH retains this improved line detail through 
the years. You have permanent sepia images—no pencil 
lines to smudge. No ink lines to run. No “surface” images 
to chip. No loss of opacity or reduction in reprint speed. 


3. OZACLOTH resists wear and tear...has a superior 
tracing cloth base...that’s plastic coated...impervious to 
water, grease, grime. Besides, Ozacloth can be cleaned 
with a damp cloth in seconds...and its images will not 
“offset” onto other prints in your files. 


4. OZACLOTH speeds up print production...is proc- 
essed in usual manner in your Ozalid machine...turns 
out subsequent prints in 26 seconds or less. 


5. OZACLOTH “corrects” in seconds. Deletions can be 
made with corrector fluid, or sand eraser—easily, pre- 
cisely. Additions can be made in pencil or ink on either 
side of matte surface. 


| 
l 


DEPT. NO. 78 


OZALID, A Division of General Aniline & Film 

Corporation, Johnson City, New York 

Gentlemen: 

[] Please send free sample of new Ozacloth. 

Q Please send complete information on Ozalid process 
No obligation. 


6. OZACLOTH cuts costs! For example, you can make 
a permanent 81 x 11 print for 26 cents; a 17 x 22 print 
for 52 cents. A fraction of the cost of your original draw- 


ing... yet full insurance for years to come! Position 


Mail coupon today for free Ozacloth sample. 





Ozalid in Canada — Hughes Owens Co., Ltd., Montreal 
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Properties of Cellulosic Plastics 


PLASTIC 


‘Brigid to flexible. 
As a supplement to the article on page 85, 





Plastics," 


MARIE BENTIVOGLIO and MILLARD DEMAREST 


MATERIALS are produced in 
property combinations. This is especially true of cellulosic 
thermoplastics, which are available in the greatest number 
of different formulations, varying from hard to soft, 


Plastics Division, Celanese Corporation of America 


i wide variety of 


"Cellulose 
the following table and the curves appearing 
on page 155 are an attempt to "pin down" the engineering 


from 


properties of this class of thermoplastics. 
below, a range of properties is indicated, by 
minimum and maximum values for each material. Although 


ASTM test methods are indicated, 


table 
giving 


In the 


it should be noted that 


a variation in values is sometimes possible, depending on 


how the test specimen is prepared- 
pression molded, or machined from sheet stock. Further 
details on any test method will be supplied to inquirers. 


injection molded, com- 


eT 


Property 


Mechanical 
Specific Gravity 
Elongation. . 
Tensile Strength 
Compressive Strength... 
Flexural Strength...... 
Modulus of Elasticity in 
BEEN ores 5 soo cid 
Impact Strength (Izod), 
Milled Notch, 25C 
-40C 


Rockwell Hardness... .. 


ermal 

Distortion under Heat. . . 
Deformation Under Load 
Specific Heat.......... 
Weight Loss on Heating 
Thermal Conductivity. . 


Thermal Expansion. . 


—— —— — — — 
Environmental 
Flammability........... 
Water Absorption (24 hr 
immersion).......... 
Soluble Matter Lost (24 


hr immersion)........ 
— — — — — 


Electrical 

Volume Resistivity. . 

Dielectric Strength (0. 125 
In. t! hick samples)..... 

Dielectric Constant 
1000 cycles. . E na 
1,000,000 cycles.. 

Power Factor 


1000 cycles.. ......... 
1,000,000 cycles....... 


Range of — of Molded Cellulosic Plastics* 


ASTM 
Method 


D176-42T 
D638-42T 
D638-42T 
D695-42T 
D650-42T 
D650-42T 
D256-43T 


D229-43 


D648-41T 
D621-43 


D706-43T 
D325-31T 


D696-42T 


D635-41T 


D570-42 


D570-42 





D257-38 
D149-40T 


D229-43 
D150-42T 


D229-43 
D150-42T 








Cellulose 



































Nitrate 
Unit — 
Min. | Max. | 
1.35 | 1.57 
percent 25 50 
psi 55 9000 
psi 20000| 30000 
psi 6000 | 15000! 33 
psi x 105 1.5 | 3.0 
ft-lb per in. off 30 | 6.0 
notch exa! 
R Scale 90 | 120 
M Scale 25 40 
deg F 110 150 
percent 20 60 
cal/g/deg C 0.34 | 0.38 
percent 
10+ cal/sec/sq | 
cm/deg C/cm| 3.1 5.1 
in./in./deg C | 
x 105 9 | 16 
P 
in. per min 10 | 12 
| 
| 
percent O7 i 4.0 
percent 0.5 1.0 
ohm-cm 10" | 10% 
volts per mil | 250 | 550 
— | 
as a & ate oe 6.2 | 6.2 
| 




































































(continued on page 155) 
* 
4 á 
Cellulose Cellulose Acetate | Ethyl | Cellulose 
Acetate Butyrate | Cellulose | Propionate 
| | | | | 
Min. |Max.| Min. | Max. | Min. | Max. | Min. | Max 
| | 
— — — — — — — — 
pe D 
1.271 1.31 | 1.16 | 125 | 107 | 118 | 1.17 | 122 
12 | 50 | 35 97 | 4 39 |25 |4 
3100 | 8000 | 1400 6500 | 2700 | 8000 | 2800 | 6000 
13000 | 36000| 7200 20400| 8000 | 20000| 6700 | 12000 
3300 13100! 1600 | 11000} 4000 - 4800 | 10000 
1.0 44 |0.6 |21 |14 |40 |12 |2 
1.0 15.7 LOS 7.3* | 5.6 | ne 0.8 11.4 
0.4 0.8 | 1.6 | 3.4 OT ILLA 
52 123 |.. 20 | 101 | 20 | 104 
13 7) 
— — | | | 
l | 179. | 103 |182 | an | aso | 126 | 154 
36.4 | 1.4 | 50 9 37 Lis 
).30 0.42 | 0.3 | 0.4 | 0.32 | 0.46} 0.38 | 0.41 
0.4 90 |0.5 6.0 0.02 1.50 | 0.22 | 5.7 
4.5 7.8 |4 8 3.8 16.3 5.08 | 5.5 
8 l6 | 11 17 10 14 | 13. | 16 
self extin- | self extin- | | 
guishing | 2.2 guishing 1.5 0.89 | 1.90 | 0.87 | 1.51 
1.9 a 23 |12 [23 [131 [17 
none | 0.6 none 0.4 none | 0.17 | none | 0.1 
10" | 105 1010 10% 102 10“ | 108 | 10% 
290 | 365 | 250 400 400 520 je 428 
| 
5.0 | 6.0 | | 34 40 3.6 39 
4.2 I 5.2 3.4 6.2 3.0 |3.7 3.3 3.3 
0.01 | 0.03 | 0.01 | 0.06 | 0.008} 0.020} 0.006} 0.009 
0.04 | 0.05 0.01 ———— 








*Molded notch. 
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* From small precision-made parts to massive 
radiator grilles in glittering chrome, Auto- 
Lite's die casting research and experience 
is helping industry develop a wide variety 
of new products. Through its "Controlled 
Metals" inspection processes, plus the finest 
production equipment and methods, Auto- 
Lite is able to assure manufacturers beauty, 
strength and accuracy on every type of job. 


THE ELECTRIC AUTO-LITE COMPANY 
Die Casting Division, Woodstock, Illinois 

600 S. Michigan Avenue . Chicago 5, Illinois 

723 New Center Building . Detroit 2, Michigan 


DIE CASTING 


A: lie 


LIRE ED 
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| Stress strain curves for cellulose acetate sheet 0.125 in. thick! 
(no-load cross head speed 0.25 in. per min) | 


Properties of | Por pides 





Cellulosic Plastics ! Locbeebeedecctaciesbocitele denied 
(continued) 


EFFECT OF TEMPERATURE on tensile 
strength and elongation is shown in 
the series of curves at the right. These 
are based on tests made with samples 
from transparent cellulose acetate 
sheet stock. Since "tensile product" 
(tensile strength multiplied by elonga- 
tion) is used by many as a measure 
of toughness, this chart can be con- 
sidered to indicate the effect of tem- 
prature on toughness. The general 
trend of characteristics shown by these 
curves are roughly true for all molded 
cellulosics. 

Available formulations are defined 
by "flow temperature" designation, as 
shown on page 87. Flow tempera- 
tue is a method of designation, and 
is not meant to indicate molding tem- 
perature. This system is helpful to | | | 
the design engineer in providing a — — — PORE — 
basis for selection. The lower series ——— ————— 

: : and Elongation 
of curves show how five important — — 
properties of cellulose acetate, the cel- | | | | | | 
lulosic in most common use, vary with | | 
low temperature. - ^ 50 60 


Elongation, percent 














Tensile stress, psi 





t 





55 


Physical Properties for a Typical Series of 


50 | Cellulose Acetate Molding Formulations 


45 








40 


1000 psi 


35 











30 








25 


Elongation, percent 


Tensile Strength, 1000 psi 


Distortior under Heat, dea C 
Flexural Strength, 





Impact Strength, ft Ib per in. of notch 





S MS M MH H H2 H3 H4 HW 


Flow Temperature Designation 


Phopuc; ENGINEERING — May, 1948 





The np zinc-coated sheet steel 
that gives you these 2 important advantages 


Here are the unique advantages you 
get with ARMCO ZlINCGRIP in your 
formed or drawn products. 

Actual field tests show ZINCGRIP 
possesses 15 to 45% greater atmos- 
pheric corrosion resistance than coat- 
ings on regular galvanized sheets. 
These exposure tests were made in 
different kinds of atmosphere. 

For example, after six years in a 
mild industrial atmosphere yellow rust 
appeared on all regular galvanized 
sheet specimens with a l-ounce coat- 
ing. There was no indication of rust 
on any ZiNCGRIP samples. 


In this severe ''handkerchief test'' ARMCO 
ZiNCGRIP is folded and refolded. Regular gal- 
vanized sheet steel would flake badly, but 
the coating on ZINCGRIP remains unbroken, 


Ls 
"d 


LESS WEIGHT LOSS 
In a four-year test on another group 
of samples, ARMCO ZiNCGRIP coatings 
averaged much less weight loss than 
regular galvanized sheet coatings 
among samples exposed to both mild 
industrial and seacoast atmospheres. 

ARMCO ZiNCGeRIP has many advan- 
tages in fabricating too. 

The special zinc coating provides 
complete protection for fabricated 
products. Because it stretches and 
flows in the dies, this zinc coating 
takes as severe a draw as the base 
metal. It doesn't flake — doesn't peel 


— protects corners as well as flo 
parts of products and equipment, 


OTHER SPECIAL STEELS 
ZiNCGRIP is only one of ARMco; 
Special Steels. Others include Stain. 
less sheets, strip, plates, bars and wir 
and ALuMiNIZED Steel (the only shee 
steel with an aluminum coating]. 

Consult Armco metallurgists fo 
possible applications of these specio 
sheet steels in your products. The 
American Rolling Mill Company, 300 
Curtis Street, Middletown, Ohio. 


Two features of ARMCO ZINCGRIP make this metal 


ideal for home laundry driers. Its extra corrosion 


resistance assures longer service life; and because 


the zinc ' flows" with a punch it doesn't peel or 


flake when perforations are made in the drum. 


ARMCO. Acocꝙ⸗ 
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NEW MATERIALS AND PARTS 


Product 
Alloy, Aluminum Casting 
Amplifier for Telemetering 
Balancer, Bridge ......... 
Bearings, Multiple-Row 
Calculator, Mechanical 
Carburetor, Dual-Metering. 
Chart, Fraction-Adding 
Contactors, Solenoid-Type 


Coupling, Improved Flexible. . 


Couplings, Steam Line 
Fastener, Wire... 
flowmeter, Hydraulic. 
Hydraulic Power Units... 
Leads, Coiled Test. 
Lubricator, Automatic ... , 
Meter, Air Velocity 

Motor, Rotary Air 

Motor, Small Induction 


IN DE X 


Manufacturer 
b S o O O 


...Manning, Maxwell & Moore, Inc..... 
....Anderson-Fluke Engineering Co...... 
. 168 
-— EEN 
.. 168 
.. 160 
.. 168 
. 160 
. 166 


Pal-Vin Machine & Mfg. Co..... 
Elemoto Sales Co. . ; 
.. Century Gas Equipment Co. 
H. M. Edmunds Co. ... 
Ward Leonard Electric Co 
.American Flexible Coupling Co.. 
.The Hansen Mfg. Co... 
..Tinnerman Products, Inc 
K & K Engineering Co. 
. .LaPlant-Choate Mfg. Co 
..Koiled Kords, Inc 
.-..Bijur Lubricating Corp. . 
..Hastings Instrument Co., Inc 
..Berry Motors, Inc 
..Russell Electric Co 


Oo 


Page 
. 162 


162 
170 


162 


.. 164 
.. 166 
. 168 


157 


. 158 


157 


. 170 
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Product 
Paint, Heat Resistant. 
Paper, Technical 
Pillow, Blocks. ...... 


Primer, Rust Inhibiting...... 
Pulleys, Demountable Hub. 
Pump, Balanced Rotary...... 
Recorders, Engine Power..... 


Relay, Plug-In... ....... 


Rubber, Versatile Synthetic 
Low-Temperature. .. .. 


Sealer, 
Strainer, Constant Flow. 
Strainer, High Pressure. 
Tachometer, Precision. . 
Timer, Small Mechanical 


Tube, Self-Rectified X-Ray. ... 


Tubing, Striped Plastic 
Valve, 4-Way Selector. . 
Valve, Small Solenoid. . 


Drawing... 


Manufacturer 


sato Bip. oen à 
.Clearprint Paper Co. ......... 
..O. F. DeCastro & Associates. . 
.The Stanley Chemical Co. 
..Howry-Berg Steel & Iron Wks 
B uU  ZTTITIIT 
.Kollsman Instrument Div. 
..Grayhill, Dept. PE...... 

.Felt Products Mfg. Co 
.Armstrong Cork Co. 

..Hays Mfg. Co.. wei 

.J. A. Zurn Mfg. Co 

.Metron Instrument Co. . 
.Mechanical Industries Prod. Co 
Westinghouse Electric Corp. 
.William Brand and Co 

..Adel Precision Prod. Corp. 

.. Specialty Prod. Co. Inc. 


. The 
300 


frosting of the motor. With inlet air at 90 psi gage 
pressure, motor output is one hp at 4,500 rpm. Air 
consumption is 20 cfm/bhp. The $ in. dia drive shaft 
can be keyed, splined or machined to fit specific applica- 
tions. Unit is 53 in. long, 3,5, in. wide, 4 in. high and 
weighs 71 pounds. 


Stroke 
odjustment 


Stroke 


k 


Rotary Air Motor 

Berry Motors, Inc., Corinth, Miss. 

Designed to utilize the multiple expansion principle, the 
Mode! A400 positive displacement rotary air motor is 
assembled from a series of zinc alloy die-cast plates. Three 
tħermodynamically balanced stages are interconnected by 
spiral — cast in the between-stage plates. Com- 


pressed air enters the first stage at receiver tank pressure, 
dives the piston in this cylinder through its power 
stroke, continues to expand, and successively drives the 
second and third. pistons through their power strokes. 
Upon completion of the third power stroke, the air is 
exhausted at near atmospheric pressure. 

This design lends itself to staging and compounding 
without the use of valving, the pistons offering the only 
sistance to the continuous flow of air. By this method, 
force is obtained both from the expansion and the ve- 
locity of the air, resulting in an increase of torque at all 
speeds. ` Any air that leaks along the rotor shafts is auto- 
Matically picked up and compressed in the succeeding 
Mage. Outlet pressure is about 4 psi gage. A perforated 

screwed into the outlet insures extremely quiet over- 
all operation. The gradual expansion of the air prevents 


Automatic Lubricator 


Bijur Lubricating Corp., 43-01 22nd St., 
City 1, N. Y. 
Designed for installation within or on small machines, 
the type "M" lubricator can effectively oil up to 100 bear- 
ings with measured regularity. Completely automatic, 
unit is driven from the lubricated machine, either directly 
through a belt or gear drive of suitable ratio. Several 
reduction ratios are available permitting selection of the 


Long Lsland 
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correct driving speed and lubricator cycle time either left- 
or right-hand drive. Power requirements are negligible, 
being of the order of 0.001 horsepower. The unit con- 
sists of a cover supporting the drive shaft, reduction gear 
mechanism and pump, and a reservoir. The piston- type 
metering pump is actuated by a cam driven through a 
series of gears. "ege pump discharge pressure is 
40 psi, delivery is 2.5 to 5.5 cm per impulse. The reser- 
voir of 1 pint capacity is provided with an oil level sight 
gage. Four tapped mounting holes in the base simplify 
installation in the machine. Overall length including 
drive shaft is 51 in., width is 3 in. and height with 
adjustment screw all the way out is 6 11/32 inches. 


Q 


Demountable-Hub Pulleys 


Howry-Berg Steel and Iron Works, 2949 N. Speer Blvd., 
Denver 11, Colo. 

By interchanging different combinations of hub and 
sheave, single, dual or step pulley arrangements can be 
assembled to fit practically every type of V-bent applica- 
tion. Ten different hubs with standard size bores and 
keyways fit any of 44 one or two groove sheaves, making 
,200 combinations. Belts with either A or B 
Sheaves up to 33 in. OD are turned 
steel, those from 4 to 15 in. OD are pressed steel. 


possible 


section can be used. 


Constant Flow Strainer 

Hays Mfg. Co., 12tb and Liberty Sts., Erie, Pa. 

Water, oil, gas or steam is automatically regulated and 
strained by the "Straitflo" Strainer with "Mesurflo" con- 
trol. The flow control mechanism, consisting of a 
noncorrosive orifice plate and a molded-rubber dia- 
phragm, dé amps out pulsations and maintains a prede- 
termined volume of flow regardless of variation in line 
pressure. The mesh strainer is Monel metal and the 
body is copper tubing. Bronze couplings come in three 
styles: female iron pipe, as shown; flared copper tube; 
and solder connection. 
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Air Velocity Meter 

Hastings Instrument Co., Inc., Box 1275 Hampton, Va. 
Air velocities ranging from 5 to 6,000 feet per minute 
can be accurately me asured with this port: ible instrument, 
The lower half of the meter scale is expanded for ac- 
curate readings up to 200 fpm while the upper half is 
compressed logarithmically for readings from 200 to 
6,000 fpm. The thermopile, constructed of precious 
metals not easily contaminated or corroded, is installed 
in a 4 in. diameter probe that can be plugged directly 
into the case, placed on an extension wand or positioned 
at a remote spot. 
110 v a-c outlet or from the portable battery power pack. 


Precision Tachometer 

432 Lincoln * Denver 9, Colo 
Rotational speeds can be measured to } percent of actual 
speed with two models of this continuously indicating 
tachometer. Type 48H covers the range from 900 to 
10,000 rpm; type 48], from 90 to 1,000 rpm. Each has 
ten overlapping ranges, selected by a rotary switch. No 
damage is incurred by accidental selection of the wrong 
range. Instruments operate on an electrical bridge dr. 
cuit principle, and are self-calibrating. When calib rating, 
the speed measuring circuit is matched against internal 


Metron Instrument Co., 


Propuct ENcINEERING — May, 1948 





Instrument can be operated from a Mes 


lower hedadroom . . - 


less weight . - - 
"Ty standard rating . . - 
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axial air-gap motors. 


THE —— 
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Most of the advantages of the new Fairbanks- 
Morse Axial Air-Gap motor are immediately 
apparent. Whether you’re making or using 
drills, presses, pumping units—any of a wide 
variety of motor-driven machines—the bene- 
fits of a fully rated, 40-degree motor that is 
50% shorter, 30% lighter than other motors, 
are obvious—and important! 


Remember, too, that along with the novel 
advantages brought to you with this new 
line of motors—the ability to blend with 
the contour of your machine, the compact- 
ness, and wide adaptability—you continue 
to get the quality that has been manifested 
in Fairbanks-Morse electrical machinery for 
many years. 


What the Axial Air-Gap motor does for this ver- 
tical drill it might well do for your machines: 
Greater eye appeal, more "buy" appeal, fine high 
quality performance. 






A few of hundreds 
of applications of 







An arbor sow 
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resistors, thus insuring readings against changing ambient 
conditions. Type 46 high and low speed adapters can 
be used to shift measuring ranges up or down from 
normal ranges. The tachometer head has only one rotat- 
ing part, permanently lubricated for long, trouble-free 


operation. No vacuum tubes are used, and all parts have 
| 


essentially unlimited life. 


Fraction-Adding Chart 
H. M. Edmunds Co., 6 E. 39th St., New York 16, N. Y. 


Addition and subtraction of fractions of an inch down to 


6áths can be made or checked by using the Rapidadd 
chart. For addition, the two fractions are selected on two 
edges of the chart. By following a diagonal line from 
the intersection of the horizontal and vertical lines, the 
answer appears on the bottom line if it is less than unity 
and on the top line if it is more than unity. A series 
of fractions can be handled successively without writing 
any of them. 


Improved Flexible Coupling 
American Flexible Coupling Co., Erie, Pa. 


Coupling wearability has been increased 30 percent 
through redesign of the center block assembly. Instead 
of being rigidly attached to the side faces of the block, 
the four bearing strips are now permitted to slide along 
the block faces thus reducing friction between strips and 
flange jaws as the shafts rotate. Based on the Oldham 
principle of flexibility through design characteristics 
rather than through flexure of resilient material, this 
coupling permits satisfactory operation of misaligned 
shafts. As no reactionary stresses can develop, there is 
no danger of angular bearing loading in the prime mover. 
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Plug-In Relay 

Grayhill, Dept. PE, 1 N. Pulaski Rd., Chicago 24, Ill. 

Quick installation of this relay is facilitated through the 
use of plug type connectors protruding from the back of 
the base plate. All connections are thus made in a single 
plug-in operation without danger of wrong connections 
Base plate and removable cover are molded phenolic 
Working parts have been simplified to provide depend: 
ability and durability. All standard contact arrange. 
ments are available with each silver contact carrying a 
rating of 10 amp per pole on a resistive load. Coil 
ratings range from 6 to 230 v, a-c or d-c. Overall dimen 
sions are: length—3} in.; width—2 5/16 in.; height 

2 9/16 in. including plugs. 


4-Way Selector Valve 

Adel Precision Products Corp., Burbank, Calif. 
Industrial type hydraulic 4-way selector valves are 
designed to carry 1,000 psi pressures at oil flows up t 
32 gpm for control of one double acting cylinder, o 
two single acting cylinders. Spool-type construction pet 
mits a wide variety of porting arrangements for either 
open-center or ¿'osed-center hydraulic systems. Balanced 
both axially and radially the spool is unaffected by sutge 
pressures in the reservoir return line, and its large diame: 
ter assures maximum oil flow with minimum pressure 
drop. Valve is equipped with shaft seals and inter 
changeable end caps io permit placing the operating 
lever at either end at any one of four radial positions 
To fit particular requirements, the valves are available 
with spring-centered, spring-offset or three-position detent 
action. Models can be lever-operated for manual con 
trol, mechanically-operated for remote manual control 
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There's a story behind every one of the 35,031 formulations in the 
files of the Advance Paint Company. 


These 35,031 formulations represent 35,031 individual finishing problems which were 
turned over to Advance service technicians. In each case, an Advance serviceman 
inspected both the product and the manufacturing processes involved . . . determined the 
eventual service and necessary physical appearance of the product... 
checked the type of ovens . . . measured the drying room . . . learned every detail 
involved in the finishing problem. 


The story of Formulation 35,032 can take place in your finishing room. An Advance field 
representative will come into your plant . . . gather all the details of your finishing 
problem . . . help to develop a formulation to meet your specific needs. 


Manufacturers of Industrial Finishes 
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pilot-operated for remote hydraulic control, single treadle 
for foot control, solenoid-operated for remote a-c or 
d-c electrical control and camroller operated for automatic 
control. Ports will fit pipe threads of 1 to 1 inch. 


Aluminum Casting Alloy 
William F. Jobbins, Inc., Aurora, Ill. 

Usable as both a high strength and a general purpose 
aluminum casting alloy, "4-8" Supreme contains 4 percent 
copper and 8 percent silicon with up to 0.40 percent 
magnesium. Permanent mold castings of this alloy are 
uniformly fine-grained with low shrinkage and hot-short- 
ness. The highly ductile alloy containing less than 
0.10 percent magnesium has the following properties: 
as cast: tensile strength— 32,000 psi, Brinell hardness 
85; heat treated, quenched and aged: tensile strength- 
52,000 psi, Brinell hardness—115. Alloys with 0.30 to 


0.40 percent magnesium have appreciably greater tensile 
strength, better pressure tightness and machinability with 
a slight decrease in ductility. 















Engine Power Recorders 
Kollsman Instrument Div., Square D Co., 
N. X 

By recording the cumulative power-hour units turned out 
by an aircraft engine, the Type 1175 power recorder 
provides a measurement of airplane usage for rental 
purposes and engine wear for overhaul period records. 
Connected to the intake manifold and driven from the 
tachometer shaft, the instrument computes total power- 
hours produced by continuously measuring the engine 
speed, manifold pressure and — pressure. 
Operation of the handle E power data on a perma- 
nent record form inserted in the slot. For the aircraft 
operator's convenience, the results are given in terms of 
equivalent hours at cruising power, thus registering 100 
units per hour if the plane is flown at normal cruising 
power. A second model, Type 1028B, is available for 
remote control through an engine mounted electric ta- 
chometer-generator and a synchronous motor attached to 
the back of the instrument. Dimensions are 43 x 10 x 
in., average weight is 90 ounces. 


Elmburst, 


9 
618 
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Amplifier for Telemetering 


Manning Maxwell & Moore, Inc., 


Bridgeport, Conn 


Stabilized amplification of low level signals is provided 
by a microsen balancing device built into the model 
143AT2 d-c amplifier. The balancer comprises a feed- 
back circuit that reduces the inherent time constant to 
0.02 sec and makes the unit independent of line voltage 
variations. Voltage gain is variable from 160 to 300. 
The unit is vibration and shock isolated and is adaptable 
for use as an indicator drive and high sensitivity relay, 
as well as in control circuits. Typical specifications are: 
power consumption—5 watts, load  resistance—4,000 
ohms, input resistance 
0.2 v, supply voltage 


120 ohms, max input voltage 
200 to 150 direct current. 








Wire Fastener 


Tinnerman Products, Inc., 2041 Fulton Rd., Cleve- 

land 13, Obio 
A Speed Nut has recently been developed for use on 
electrical terminal boards to facilitate the inter-connect- 
ing of capacitors and resistors. In using the device, the 
“U” portion of the nut slips over the terminal board and 
holds itself over the clearance hole. A screw is then 
partially run down through the board to anchor wires in 
place, one at a time. Screw is then tightened only once 
to complete the entire connection. Leads with a spade 
terminal are placed directly under the head of the screw. 
Single-strand pigtails from capacitors and resistors are 
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pressure, too, 


his PERBUNA 


gasket can 
take it! 


} 
à 


Other manufacturers are finding new uses for versatile Perbunan 
every day. They like its toughness and the way it stands up 
under severe heat, cold and a wide variety of oils, acids, and 
greases...and they like its ready adaptability to the many 
complex molded shapes of resilient engineering materials. 

NEW FEATURE: Perbunan’s new stabilizer permits the use of 
awide variety of delicate shades that retain their original color. 

Maybe there’s a place in your business where the use of 
Versatile Perbunan in a plastics or rubber part may save you 
plenty... both in initial cost and replacements. We will be 
glad to give you all the information you need. 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
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When deciding on a material for the gasket 
of their famous pressure cooker, the 
Ekco Products Company chose a 
Perbunan composition because it: 


Does not sweli, soften or lose its shape 
F. even when 
E exposed to most vegetable and animal 
fats and oils. 


under pressure at 250 


Does not harden or become brittle in 
2 use or when exposed to air. 


Has no taste or odor, even when boiled 


2 in water for long periods of time; not 
° 


harmed by washing in hot, soapy water. 


Has good physical properties such as: 


7 (a) high tear resistance, (b) good 
t 


tensile strength, (c) good elongation. 


5 Materially reduced the manufacturing 
»cost of the kKco Pressure Cooker. 


EKcg 


Ed 


The Biggest Name 
in Housewares 


EP E IE H UN AN 
A 4 a P 


THE RUBBER THAT RESISTS AIR, 
SUN. WATER, HEAT, COLD AND TIME 
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looped under the top member of the fastener, around the 
screw, and positioned by the turned-up tabs at the bend. 
With this arrangement any one of the leads can be 
removed from the terminal without disturbing the others. 


Technical Drawing Paper 
Clearprint Paper Co., Dept. Z, 1st St., 
Calif. 

Papercloth combines the advantages of tracing cloth with 
additional characteristics that overcome the undesirable 
features of the standard material. It retains the original 
finish and appearance indefinitely by resisting atmos- 
pheric changes. It does not stretch, shrink or buckle, 
takes equally well to p or ink, and erases easily. 
Creasing and folding do not damage the new drawing 
material and it outlasts tracing cloth in printing and 
reproductive qualities. 


San Francisco, 


Westinghouse Electric Corp., 306 4th Ave., Box 1017, 
Pittsburgh 30, Pa. 

Type WL-393 X-ray tube designed for low milliampere, 
high detail radiographic work has both a hooded anode 
and a getter. The special anode reduces electron bom- 
bardment of the envelope thereby decreasing the pos- 
sibility of puncture and increasing tube life. The getter 
insures a high degree of vacuum during tube life, reduces 
gas flashes and provides maximum stability even with 
a hot anode. Characteristics include: 80 KVP useful, 85 
KVP max inverse; 20 ma max, 1.5 mm?, 20 deg line focus 
design; 25,000 heat units; 1.6—2.5 amp range and 4.2 
6.5 voltage range on filament. Type WL 394 has similar 
but generally lower operating characteristics. 


Rust-Inhibiting Primer 
The Stanley Chemical Co., East Berlin, Conn. 


When used between air-dried or baked finishes and the 
base materials, Stantite spraying primer No. 66R-315A 
exhibits excellent adhesion and prevents rust creepage. 
Spray or brush applications can be made to clean ferrous 
and nonferrous metals, glass and molded products. Air- 
dry or baked topcoats of lacquers, alkyds, ureas and 
melamines, enamels, japans and paints can be applied 
to this quick drying material. When diluted with No. 
79P-163 thinner, a gallon of the mixture will cover 
about 500 sq ft of surface with a film 0.3 mil thick. 
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Die Cast Pillow Blocks 


O. F. DeCastro and Associates, 
Blvd., Los Angeles 15, Calif. 
Replaceable bearings are securely locked in position by 
the cap screws and guide bosses of these die cast pillow 
blocks. The split bearings are cast from bronze or Zamac 
metal and reamed to size while clamped in a fixture. 
A single size housing with spring-top oil cup is used 
with bearing inserts having 3, $, 3 and 1 in. bores. Shaft 
diameters can thus be quickly changed. 








Washington 


674 W 


























Hydraulic Flowmeter 

K & K Engineering Co., Bolton, N. Y. 

Termed the “Oscilloscope for Hydraulics,” the Strobo- 
flow meter will indicate small deviations from a pre 
scribed rate of liquid flow. By means of five inter- 
changeable jets, 40 different rates of flow can be studied 
The instrument comprises a turbine mounted between 
transparent vanes on stainless steel pivots in graphitar 
bearings. As the turbine revolves, it practically floats 
in synchronism with the liquid. Speed of the turbine 
rotor is determined from the stroboscopic effect o! light 
viewed through an aperture in the turbine disk. The 
number of virtual images so obtained is a measure 0! 
the rotational speed which in turn is directly proportione: 
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Here's another example of 


SAVING! 


These clever new Travel Jacks, made by The 
Winklemann Co. Inc. of South Bend, Ind., weigh 
only 15 lbs. a pair, but they handle loads up to 
2000 Ibs. 


Their sturdiness and efficiency are remarkable. 
Because of smart designing, just four retaining 
rings on each Jack simplified their construction 
at great saving. 


These Travel Jacks eliminate costly equipment 
and costlier man hours in the handling of ma- 
terials just as retaining rings eliminate the costly, 
wasteful, former practise of cutting down large 


—where inexpensive, artificial 
shoulders, (retaining rings) save 


expensive, real metal, money and time. 


shafts to make shoulders, and costlier man hours 
in assembly. 


Every product-metal, wooden or plastic—and 
every machine should be examined now to see 
where shoulders and collars can be redesigned 
to effect great savings by the use of steel retaining 
rings. 


Let us show you how they can do an efficient 
job for you on your shafts or in your housings. 


Write today for booklets on many types of 
National Retaining Rings. 


THE NATIONAL LOCK WASHER CO. 
NEWARK 5, NEW JERSEY * MILWAUKEE 2, WISCONSIN, U. S. A. 
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to rate of liquid flow. Instrument calibration is in terms 
of stationary patterns of these images. Once one of the 
pedutestidn] quitte is established, indicating a desired 
rate of flow, any deviation from this rate will cause the 
pattern to precess. Direction, amount and character- 
istics of the precession indicate the conditions of flow 
under consideration. The instrument consumes but a 
few watts from a 117 v, single phase, 60 cycle power 
source. 


Striped Plastic Tubing 
William Brand and Co., 276 4th Arve., 
NS T. 

Permanently identifiable conductors are attainable through 
the use of striped tubing and insulated wire. A poly- 
vinyl chloride thermoplastic material with integral strip- 
ing in any contrasting color combination is extruded 
to form the tubing or wire insulation. No impairment 
of the dielectric characteristics is possible as is the case 
when inking processes are used. The tubing is stable 
in the range —40 to +150 C bake; the wire insulation 
from —30 to +80 C continuous. Tubing sizes run from 
No. 24 to 1} in.; wire sizes, No. 30 to No. 8 inclusive. 


New York 10, 


Hydraulic Power Units 
LaPlant-Choate Mfg. Co., Inc., Cedar Rapids, lowa 


The HU-25 hydraulic power control unit incorporates a 
supercharged pump, special valving for control of oil 
surge and a small capacity reservoir. With the pump, 
cylinder and reservoir directly coupled, oil lines are 
unnecessary. Quick, positive action is thus provided for 
the system which is of the "closed" constant displace- 
ment type. The pump has interchangeable spur gears, 
positive lubrication. and bronze reversible end plates. 
Valves are spool-type, three position and self-centering. 
Cylinders are double acting and can be mounted in any 
position. The HU-25 unit is rated at 25 gpm; other 
assemblies are available with capacities of 15, 40 and 
60 gpm. Cylinders come with 4, 5 and 6 in. diameters, 
valves in two sizes—for control of flows to 50 and 70 
gpm. The units are applicable to many types of 
machinery, material handling devices and hoists. 
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High-Pressure Strainer 

]. A. Zurn Mfg. Co., Erie, Pa. 

Designed to handle pressures up to 600 psi, this Y-type 
strainer has minimum pressure drop characteristics. The 
perforated strainer sleeve fits snugly into the body making 
the unit especially suitable to close quarter installations. 
Assembly is provided with a bolted blow-off connection 
for cleaning and a magnetized plug for intercepting 
small ferrous particles. Cast from various metals includ- 
ing bronze, brass, iron and steel, the housings can be 
made with threaded or welded connections. 


Heat-Resistant Paint 

Speco Inc., 3142 Superior Ave., Cleveland 14, Obio 
Heatrem fuses with metal surfaces to form a permanently 
bright elastic finish that resists moisture, corrosion, acids, 
alkalis and industrial fumes. The paint will withstand 
temperatures up to 1,500 F, thus making it applicable 
to boilers, furnaces, condensers, compressors, ovens, 
stacks, engines, steam lines and exhaust manifolds. Set 
up time is four hours and an application will dry com- 
pletely overnight.  Heatrem is packaged in 1 and 5 
gallon containers as well as in pint and quart cans. 


Steam Line Couplings 
The Hansen Mfg. Co., Cleveland 11, Ohio 


Quick installation and simple manual adjustment of the 
packing while under pressure, feature these brass plug-in 
steam line couplings. Series 2000 with } in. bore and 
Series 4000 with } in. bore are designed for saturated 
steam pressures up to 40 psi gage; Series 2500 with ^; in. 
bore and Series 4500 with 4 in. bore will carry pressures 
ranging from 40 to 350 psi gage. Replaceable, preformed 
graphite-asbestos packings are adjusted by tightening the 
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Assembling a jack-in-the-box is a tricky job. 
Especially the “squeak,” a fabric-covered spring 
attached to wooden ends while the spring's 
under tension. That calls for an extra strong, 
quick-setting adhesive. 

But this is another case where the right 
adhesive was quickly selected from among 3M's 
more than 1000 job-proven types... an adhe- 
sive we felt confident would speed production of 
an item which requires high volume to be profitable. 
And it’s an adhesive that sticks to the job despite 
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3M ADHESIVES pop up 
with the right answer 





the flexing of the spring. 

What’s your production problem? In all 
probability there is a 3M Adhesive which can 
solve it. 3M laboratories are constantly develop- 
ing new adhesives; devising production short- 
cuts for a diversified list of industries. 

Mailing the coupon below brings you a new 
booklet full of case histories; a booklet that may 
suggest ways in which 3M Adhesives can cut 
your production costs, too. 


3M ADHESIVES 


MADE IN U.S. A. BY 


MINNESOTA MINING & MFG. Co. 


ADHESIVES AND COATINGS DIVISION 
411 PIQUETTE AVE., DETROIT 2, MICH. 
General Offices: St. Paul 6, Minn. 
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threaded sections at the female end. 
Couplings are adaptable to processing 
equipment, particularly in the manu- 
facture of rubber goods and also in 
cleaning apparatus. 


Coiled Test Leads 
Koiled Kords, Inc., Box K, Hamden, 


Conn. 


Retractable test leads, in the conven- 
tional red and black colors, are made 
in 48 in. retracted lengths that will 
extend to 20 feet. The retracted coil 
can be cut into any desired length, the 
ratio being 1 ft. of retracted lead to 
5 ft. extended. Any type of test lead 
terminals can be attached in the same 
manner as to a straight cord. 


Solenoid-Type Contactors 


Ward Leonard Electric Co., Mount 

Vernon, N. Y. 
Intended primarily for use in a-c motor 
controllers, Size 2 and 3 solenoid-type 
contactors are also suitable for appli- 
cation in resistive heating controls, 
lighting controls, and for remote and 
automatic load switching purposes. 
Units are compactly constructed with 
built-in solderless connectors, massive 
double-break silver contacts, and com- 
plete parts accessibility. Steel mount- 
ing plate has recommended NEMA 
and MTBA standard mounting dimen- 
sions that make the contactors espe- 
cially adaptable to specialized, built-in 
or complex a-c control equipments. 
Size 2 and 3 units have maximum 
ratings of 25 and 50 hp, respectively, 
on 440-550 v, 3 phase, 60 cycles. 
Standard operating coils with front- 
connected terminals are available for 
110, 220, 440 and 550 v operation on 
25, 50 or 60 cycles. Additional auxil- 
iary contacts for control circuit pur- 
poses are also obtainable. 
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Dual-Metering Carburetor 


Century Gas Equipment Co., 11188 
Long Beach Blvd., Lynwood, Calif. 


Both air and fuel flow are metered in 
the 3C carburetor that is designed for 
use with liquid petroleum gas. The 
dual metering device provides con- 
trolled combustion over the full range 
from closed to full open throttle pozi- 
tion. Operation of an engine in good 
condition is smoother than with leaded 
gasolines and dilution and carbon for- 
mation are reduced. Installation of 
the equipment consists of a tank con- 
verter in addition to the carburetor. 


Small Solenoid Valve 


Specialty Products Co., Inc., 3016 E. 
Lake St., Minneapolis 6, Minn. 
A rubber needle-valve point working 
against a stainless steel seat assures 
quick, positive shut-off in this small 
solenoid control valve of all-brazed 
construction. Flow is straight through, 
and foreign matter is caught in a 
built-in filter. (Capacity is 4 to 15 
gph and pressures up to 200 psi can 
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be handled. Overall length is 2$ in., 
diameter 1 3/16 in., and the ends arẹ 
threaded for j in. pipe connections, 
Interchangeable enclosed and water. 
proofed coils are available for use on 
6, 12, 24 and 30 v d-c or 100 v a« 
current. Applications include the con- 
trol of liquid, gas and air flow to 
power cylinders and heaters. 


Multiple-Row Bearings 


Pal-Vin Machine and Mfg. Co, 

Cleveland, Ohio 
A line of anti-frictional bearings in 
which the load is distributed through- 
out the entire circumference has been 
developed. Loading capacities have 
been increased by multiplying the 
rows of the rolling elements. Any 
combination of balls, pins and rollers 
can be used to provide desired oper- 
ating characteristics. High efficiency 
and dependability are claimed for 
these assemblies that are designed for 
inexpensive, mass production. 


Small Mechanical Timer 


Mechanical Industries Production Co. 
217 Ash St., Akron 3, Ohio 
Greater accuracy, smoother, quietet, 
non-positional operation and compat 
construction are features of this timer 
for toasters and other appliances té 
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COMMON 


TYPE "A" 
ASSEMBLY BIT SCREWDRIVER 


This Bit 
DROVE 214,000 SCREWS 


IN CONTINUOUS OPERATION 


This amazing record of durability was rolled up on an assem- 
bly line of the largest automobile corporation in the world. 


It is a stock bit, taken out of production shipment and was used in a power 
driver on ;¢"-24x?” flat CLUTCH HEAD door hinge screws... an operation 
calling for unusually high torque driving. 


It is important to note that this bit served continuously on the assembly 
line... that there was no interruption for reconditioning during 


this 214,000 driving spell. 


Moreover, this bit can be repeatedly restored to its original efficiency 
by a simple application of the end surface to a grinding wheel. 


Package assortment of CLUTCH HEAD Screws ond sample Type "A" Bit sent on request 


Check the perfect operation 
of this screw with an ordi- 
nary type screwdriver or 
any flat blade, reasonably ac- 
curate in width. Thickness 
of the blade is secondary. 


Tool economy is only one 
of the many exclusive ad- 
vantages offered by CLUTCH 
HEAD for faster, safer, and 
lower-cost assembly oper- 
ation. Investigate them. 


UNITED SCREW AND BOLT CORPORATION 


CLEVELAND 2 CHICAGO 8 NEW YORK 7 
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quiring precision timing. The design 
of the balance and escapement as- 
sembly results in highly accurate time- 
— even under variable spring 
loading and represents an improve- 
ment over the hairspring construction. 
Polished steel oilless pivots operating 
in brass plates prevent timing varia- 
tions and stoppages often caused by 
oil gumming. The rigid, pillar-post 
frame assembly assures correct gear 
alignment under external stress. Unit 
measures 13 x 23 x § in. and is avail- 
able in 5 to 30 min time ranges with 
either ratchet or friction drive. 


Versatile Synthetic Rubber 


Felt Products Mfg. Co., 1504-14 Car- 
roll Ave., Chicago 7, Ill. 

Fel-Pro No. 131 black synthetic rub- 
ber compound has a maximum of 6 
to 8 percent compression set and a 
Shore “A” durometer reading of 75 
+5. It is not subject to low tem- 
perature brittleness or affected by heat 
up to 300 Fahrenheit. Stocked in 
calipers between 0.020 and 0.125 in. 
as cut gaskets and washers, molded 
forms and extruded shapes, the com- 
pound can be used where require- 
ments call for resistance to tempera- 
ture changes, set, creep, abrasion, pe- 
troleum hydrocarbons and solvents, 
animal and vegetable oils and fats, 
and dilute acids and alkalies. 


Mechanical Calculator 
Elemoto Sales Co., Box 62, 
N. J. 
Rapid, accurate addition and subtrac- 
tion of feet, inches and fractions can 
be made by sliding the dials with a 
pencil or the pointer supplied with 
the Elemoto calculator. The results 
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of computations show in a window 
on the face of the calculator in feet, 
full inches, and fractions of inches. 
The dial is moved down to the stop 
every time a measurement is added or 
subtracted, and there is never any 
occasion to read between the lines 
as on a sliderule, where accuracy fre- 
quently depends on how close initial 
settings are made. 


Ellipticol Bore 


Balanced Rotary Pump 


Ellipse Corp., Pump Div., 24 S. Clin- 
ton St., Chicago 6, Ill. 

Positive displacement is accomplished 
by the action of vanes and rotor inside 
the elliptical housing of Series C-175 
pumps. The axial load on the rotor 
shaft is balanced, thus providing good 
wear characteristics and maximum 
volumetric efficiency. Pump is re- 
versible and can handle lubricating 
oils, hydraulic oils, kerosene, fuel oils 
and coolants. Capacities vary from 4 
to 4 gpm at 1,750 rpm and 125 psi 
maximum working pressure. Foot, 
flange and sump mount assemblies 
are available. Special units for han- 
dling higher pressures and different 
fluids can be obtained. 


Low-Temperature Sealer 

Armstrong Cork Co., Lancaster, Pa. 
Used primarily for insulating refriger- 
ated equipment, Sub-zero Sealer is re- 
silient, moisture- and vapor-proof, and 
sufficiently pliable to resist normal 


impact and torque action. It will 
bond tightly to metal, wood, Temlok, 
corkboard, glass and other materials. 
Nonflowing under humid, summer 
conditions and resilient at 25 F below 
zero, the sealer is odorless and is not 
detrimental to foodstuffs. When ap- 
lications are made, the material must 
be heated to its melting temperature 
of 240 to 260 F before being poured 
along seams, joints and breaker strips. 
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Small Induction Motor 


Russell Electric Co., 340 W. Huron 
St., Chicago 10, Ill. 
The small Raytheon Type 300 shaded 
4-pole induction motor combines high 
starting torque with high efficiency 
and flexibility. External feld strength 
is minimized by the generous use of 
iron in the core. The dynamically- 
balanced rotor, kept accurately cen- 
tered and aligned by a rabbeted three- 
inch square stator, assures extremely 
quiet operation. Maximum life and 
cool-running are provided by self- 
aligning wick-fed oilite bearings with 
large oil reservoirs, oil slingers, and 
two internal cooling fans. With 
horsepowers ranging from 1/150 to 
1/40 and starting torques as high as 
10 oz-in., motors are available in open 
or totally enclosed construction for 
vertical or horizontal operation on 50, 
50/60, and 60 cycles, up to 250 volts, 


Bridge Balancer 
Anderson-Fluke Engineering (Co, 
Springdale, Conn. 

The Model 302 Bridge Balancer 1s 
designed to conserve testing time and 
to increase the usefulness of single 
channel strain detectors. Twenty- 
four gages can be channeled into the 
strain indicator through the output 
terminals labelled “strain gage, 
“common” and “compensator gage: 
Zero balance of each gage is provide 
by a high sensitivity potentiometer 
possessing maximum temperature sta 
bility. Rapid selection of the gage 
to be measured is made on the 24 
point switch at the center of the panel. 
Gages of resistance from a few ohms 
to several thousand ohms can be used 
The portable unit weighs 11 !b and 
measures 8 in. high, 10 in. wide an 
12 in. deep. 
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Good machine design calls for 
this good piping equipment... CRANE 





The best is none too good for such an integral part of your design as the 
flow control equipment. So protect your design by specifying Crane—the 
world's most complete source of quality valves, fittings, piping accessories, 
and pipe. 

One catalog gives you complete and convenient selection. But that's only 
your first advantage; putting all responsibility on Crane for piping means 
simplified buying . .. easier storekeeping. And in your plant, smoother in- 





stallation of piping equipment is assured. 

Naturally, your customers are interested in the piping equipment. When 
they learn it's Crane, they'll be satisfed—for they, too, know that Crane 
Quality stands unsurpassed for over 90 years. 


CRANE CO., 836 S. Michigan Ave. 
Chicago 5, Illinois 








Branches and Wholesalers 
Serving All Industrial Areas 







Gas-heated perchlorethylene dryer made 
by Detrex Corporation, Detroit... equipped 
by Crane. 
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(Below) SEE PAGE 16 of your 
Crane Catalogfor standard brass 
gate valves with higher than 
usual factor of safety under all 
service stresses. Where you want 
extra ruggedness and depend- 
ability, Crane No. 438 is your 
valve. For steam pressures up 
to 125 pounds; for cold water, 
oil, gas, up to 200 pounds. Wedge 
disc; non-rising stem. All brass 
with malleable iron hand wheel. 
Sizes YA to 3 in. 
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there are three! 
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TE cently introduced A-C Solenoid contactor 









Sizes 1, 2 and 3 of Ward Leonard’s new 
Solenoid Contactors are now available 








The advantages of Ward Leonard’s re- 






can now be obtained in 2 and 3 pole 






ELECTRIC 
CONTROLS 
ARE 

RESULI- 
ENGINEERED 
FOR 

tT 


WARD LEONARD 


ELECTRIC COMPANY 


RESISTORS « RHEOSTATS + RELAYS - CONTROL DEVICES 





combinations rated up to 100 amperes. 






All these sizes provide “Result-Engi- 





neered” features which you can’t afford 





to overlook. Let us point them out to 






you... Write for our Bulletins 4451, 
4452, 4453 and be convinced. Ward 
Leonard Electric Co., 63 South St., Mount 
Vernon, N. Y. Offices in principal cities 
of U. S. and Canada. 






















NEW BOOKS 


Laboratory Manual in Metallography 


JOHN F. EckEL, Researcb Metallur. 
gist, General Electric Co., and ROBERT 
J. RAUDEBAUGH Assistant Professor 
of Metallurgical Engineering, Univer- 
sity of Rochester. 344 pages, 83 x 
103 in. Published by McGraw-Hill 
Book Co., Inc., 330 W. 42nd St. 
New York 18, N. Y. $4.50. 


Experiments in this manual have 
been devised to present (1) necessary 
techniques in  metallography, (2) 
fundamental principles involved in 
mechanical and thermal treatment of 
alloys, (3) common treatments of 
some non-ferrous alloys, (4) common 
treatments of typical ferrous alloys. 
Pertinent references are given with 
each experiment. 


Powder Metallurgy, Principles and 
Methods 


HENRY H. HAUSNER, Consulting En- 
gineer, Research Associate, New York 
University. 307 pages, 53 x 8} in. 
Published by Chemical Publishing Co., 
Inc., 26 Court St., Brooklyn 2, N. Y. 
$7. 


Theory of powder metallurgy is 
still far behind practical experience. 
It is the purpose of this book to show 
the established principles in the form 
of graphs and tables. 

Density, hardness, strength, elec- 
trical and magnetic properties are 
charted and tabulated as functions of 
the composition, particle size, com- 
pacting pressure, sintering tempera- 
ture, sintering time, atmosphere of 
the heat treatment process, and other 
processing factors. | Manufacturing 
methods are described briefly. A 93 
page chronological bibliography is in- 
cluded and cross indexed by subject 
matter. 


Light Metals in Structural 
Engineering 


L. DUDLEY. 216 pages, 53 x 8j m 
Published by Temple Press Ltd., Bowl- 
ing Green Lane, London, E. C. |, 
England. 30/net. 


The qualified engineer may find 
himself unable to apply principles to 
a problem in light alloys because he 
lacks knowledge of the possibilities 0! 
the material. The man of limited 
technical training may have useful 
knowledge of the properties, but be 
weak on strength of material anc 
theory of structures. This book aims 
to assist both these workers 
Elastic constants, resilience, torsion. 
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bending of beams, deflection, design 
of girders, tubes, joints, columns, 
combined and live loads are described 
in the first ten chapters. Nature of 
light alloys and miscellaneous ma- 
terials are covered in the last two 
chapters. 


Crankshaft Design and Manufacture 


J. SMITH, Chief Research Engineer, 
National Gas & Oil Engine Co. Ltd. 
64 Page 78 x 93 in. Published by 
Whitehall Technical Press Ltd., 9 
Catherine Place, Westminister, Lon- 
don, $. W. 1, England. 12/6*. 


First appearing as a series of articles 
in Gas & Oil Power (British), this 
popular material was reprinted in 
book form. It is a detailed discus- 
sion on crankshaft materials, propor- 
tions, calculation of dimensions, bal- 
ancing, vibration stresses and damp- 
ers, and flexible couplings. Many 
drawings, charts and tables are used 
to clarify the material and present a 
complete coverage of crankshaft de- 
sign. 


Instrument and Control Manual 
for Operating Engineers 


EUGENE W. F. FELLER, Operating 
Engineer. 426 pages, 6 x 81 1n. Pub- 
lished by McGraw-Hill Book Co., 
Inc., 330 W. 42nd St., New York 18, 
N. Y. $6. 


Explanation of basic principles of 
control systems and description of con- 
struction and operation of liquid level, 
pressure, temperature, speed, and hu- 
midity controllers. 

The 16 chapters include discussion 
of: Motor operated valves, self-oper- 
ated valves, control mechanisms, con- 
troller applications, and mechanical 
governors. 


Aluminum 
And Its Applications 


HiRAM BROWN, resident chief metal- 
lurgist, Solar Aircraft Company. 338 
pages, 6 x 9 in. Published by Pit- 
man Publishing Corporation, 2 West 
Sth Street, New York 19, N. Y. 
85 75 


Practical applications of aluminum 
and its alloys are described in sepa- 
rate chapters by outstanding authori- 
ties in their respective fields. The 
collaboraters include Alexander Kle- 
min, S. H. Phillips, Melvin H. Young, 
Norman E. Woldman, Donald M. 
Bigge, Robert B. Borucki, R. B. 
Mears, R. B. Brown, R. A. Frye, 
W. A. Graham, Max Wulfinghoff and 
Arthur A. Schwartz. 

The major alloys, both cast and 
wrought, fabricating methods, finish- 
ing, testing, and heat-treating are dis- 
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Ward Leonard a-c Magnetic Starter Is 
Small in Size, Big in Performance 


For fast, positive, dependable across-the- 
line starting of non-reversing motors, in- 
stall Ward Leonard 4110 a-c Magnetic 
Starters. 

Unit construction. Open or enclosed 
type. Accessible components. Double- 
break silver-to-silver main contacts. 
Thermal relays give overload protection. 
Local or remote control. 

Ward Leonard Starters are "Result- 
Engineered." By modifying a basic de- 
sign, Ward Leonard can give you the 
results of a special... for the cost of a 
standard. 

Write for Bulletin 4110. Ward Leonard 
Electric Co., 63 South St., Mount Vernon, 
N. Y. Offices in principal cities of U. S. 
and Canada. 


ELECTRIC C0 


RESISTORS 


WARD LEONARD 
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cussed. Photographs and drawings 
illustrate the important steps. The 
distinctive properties of each alu. 
minum alloy are stressed. Definitions 
are given as they apply to aluminum 
and are contrasted with those used in 
steel fabrication. 

Eight chapters have been written by 
re) F A L U M | N T M specialists in the fields of aircraft 

assemblies, aircraft engines, aircraft 
castings, automotive manufacture, rail- 
roads, marine assemblies, electrical 
appliances and equipment, and the 
chemical industries. 

Miscellaneous data and information 
covering the engineering properties 
of aluminum and its alloys are pre. 
sented in a nineteen page appendix. 





























































Electric Furnace Design 


Reported by W. J. Millar, V. C. 
Cutts, J. C. Harris, avd J. McDon. 
ALD. PB 32566. Booklet 109 pages, 
53 x 8 m. Reproduced by Mapleton 
House, 5415 Seventeenth Avenue, 
Brooklyn 4, N. Y. $3. 
Reproduction of a report covering 
the manufacture and application of 
| electric furnaces in Germany. 
Three sections of the report are on: 
(1) Resistance heating furnace design, 
such as, heating elements, mechanical 
handling, controlled — and 
salt baths; (2) melting furnace de- 
sign and practice, such as, aluminum, 
brass and copper, iron and steel; and 
(3) survey of 14 German furnace 
manufactures and works. 










































































OF CHROMIUM 











Elements of Magnetic Tape 


Chrome Plated Aluminum Sheet Recording and 999 Applications 


A. C. SHANEY, Chief Engineer, Am- 








Chrome and Nickel Plated Aluminum sheets are again avail- plifier Corp. of America. Booklet, 
able after a seven-year wartime absence. American Nickeloid 32 pages, 54 x 84 in. Published by 
Company exclusively offers these useful, durable metal sheets Amplifier Corp. of America, 398-13 
at an amazingly low price. The addition of the nickel or Broadway, New York 13. 25 cents. 






chromium coating makes the aluminum base more durable — 


Brief discussion of magnetic tape 
mirror-like in finish. Chrome and Nickel Aluminum are 


recording including: History, advan- 












rust-proof, highly resistant to corrosion, can be easily sol- tapes, recording medium and process, 
dered, stamped, or formed. Available in sheets up to 36" x playback, erasing, tape handling, and 
96". bright or satin finish, wide range of gauges and tempers. listing of possible uses. 





Write today for more data. 





; What Electronics Does 





VIN ZELUFF avd JOHN MARKUS, Ás- 
50 sociate Editors, Electronics. 306 pages, 
53 x 81 in. Published by McGraw 
i 4 4 . — 
Years of Pre- plated Metal Leadership Hill Book Co., Inc., 330 W. 42nd 

- St., New York 18, N. Y. $3. 
A M T n 1 C A N A non-technical bird's eye view of 
more than 400 examples of tubes at 
Free New Booklet Tells work in diversified fields. 
——— N d C K E L D Applications explained and dis- 
This colorful illustrated book- cussed include: Cooking and detrost- 


let tells many of the in- : s x ES ' n0 
genious ways in which manu- JA P A e Y ing ot foods, spray painting, det ting 
facturers are using Nickel- : 





Ey 











re "1 1 1 1 ships. 
eid Metals to improve the flaws, navigating airplanes and ship 
appearence «nó meretbt- : and locating minerals. Titles of some 
ity of their products. Write 1898 . o . . M "int 
for it on your company of the 19 chapters are: Measuring 





L letterhead. 





PERU 4 ILLINOIS and Counting, Static at Work, Heal 
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Cuts Beam Cost $2.57 to 71 cents 
with Arc Welding 


Peere —ñ — — — 
By G. C. Weiland f | 
The Schaffer Poidometer Company | ‘ | 


Pittsburgh, Pa. 






UBSTANTIAL savings in manufac- 
S turing costs are readily possible 
through a careful design study of 
component parts for arc welded con- 
struction. This fact is well supported 
by our recent experience with a scale 
beam originally costing us $2.57 to 
produce. Redesign for arc welded 
assembly has cut the cost to 71 cents, : Made EE NIU IY NET EN, INE 
and the weight 25%. In addition, the Fig. 2. Progressive redesign of scale beam to welded construction. Right: Original beam 
performance of our product has been Cost $2.57. Center: First design change . . . Cost $1.63. Left: Present design . . . Cost 71 cents. 
improved and the appearance greatly 
enhanced for better sales appeal. takes the direct load of the material, the recent years plus a supply prob- 

Our product, the Poidometer (Fig. transmitting the load force to a bal- lem of securing parts for our original 
1), is a continuous weighing machine. ance scale through a beam member construction, led us to redesign the 
It incorporates a moving belt carry- (Fig. 2) acting as a fulcrum. scale beam member. The first re- 


i » - á "Slo ( n» >» g » F » 
ing the material to be weighed. A Pressed with a demand urgency design followed the pattern of the 
























. . . . . . 101 € act} er s € » " » 
roll directly below the conveyor belt for our weighing machines during original casting shape and cut the 
manufacturing cost of this scale 


beam from $2.57 to $1.63. 





Further study of this component 
part along with the suggestions of a 
Lincoln design engineer, prompted 
a second change. This change greatly 
simplified our design by incorporat- 
ing two formed steel straps arc 
welded to an angle piece as shown 
in Fig. 2. With this latter design, our 
production cost is cut to 71 cents 


and a weight reduction is made from 





an original 10 pounds to 7 pounds 


In addition to the above savings. 








f 
it the change to welded construction 
eliminates 0.28 man-hours per beam 

$- 

t- ; n i : — r — for several machining operations that 

. Fis. 1. The S. haffer Poidometer continuous weighing machine. Arrow shows scale beam : 

E of former construction. are now cut out entirelv. 

» 

1€ 

g [he above is published by LINCOLN ELECTRIC in the interests of progress. Machine Design Studies are available to engineers and 

al designers. Write The Lincoln Electric Company, Dept. 25, Cleveland 1, Ohio. Advertisement 
) "X anu 
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^ often remarked that 
no piece of equipment can be 
superior to its component parts... 
You appreciate the broad rec- 
ognition and acceptance of BCA 
Ball Bearings in industry... 
You know you can tell your 
engineers to draw upon our half- 
century of experience in friction 
control practices, encompassing 
many varied fields of industry... 
You, who insist upon continu- 
ous, full-capacity, trouble-free op- 
eration, know this can be assured 
by specifying BCA Ball Bearings. 


BEARINGS COMPANY OF AMERICA 
LANCASTER, PENNSYLVANIA 








Without Heat, Unheard Sound, See. 
ing The Invisible, Tubes Run Ma. 
chines, Fighting, Doctoring, and 
Safety First. 


Electrical Contacts 


F. R. HENSEL, Joint Intelligence Ob. 
jectives Agency. PB 32586. Pamphlet, 
25 pages, 54 x 73 in. Reproduced by 
Mapleton House, 5415 Seventeenth 
Avenue, Brooklyn 4, N. Y. $1. 


Reproduction of a report based on 
survey of German contact materials 
and manufacturing methods. 

The composition, properties and 
production of contact alloys and the 
companies which produce them are 
discussed. Alloys of gold and zir- 
conium; beryllium and platinum; 
tungsten and platinum have been de- 
veloped to replace iridium alloys. 
Methods used for bonding inlays and 
overlays to inexpensive basic metals 
are given. 


The Chemistry and Technology 
of Waxes 


ALBIN H. WARTH. First Edition. 519 
pages, 6 x 9 in. Published by Rein- 
hold Publishing Corp., 330 West 
42nd St., New York 18, N. Y. $10. 


An authoritative work on waxes, 
prepared for students, technicians, 
chemists and industrialists. A large 
portion of the bvok is on the chemical 
composition and description of nat- 
ural waxes, fossil waxes, petroleum 
waxes, synthetic waxes and emulsi- 
fiable waxes. Standard tests for phys- 
ical and chemical properties of wax 
are given also. 

Of interest to engineers is the sec- 
tion on industrial uses. Waxes used 
for adhesives, electrical insulation, ex- 
plosives, lubricants, molds, paints and 
varnishes, are fully described. 


The Science and Engineering of 
Nuclear Power 


Edited by Clark Goodman. First Edi- 
tion. 501 pages, 8 x 10 zn. Pub- 


lished by Addison-Wesley Press Inc.| 


Cambridge 42, Mass. Cloth, $7.50. 


This book contains the essentials of 
a series of seminars on nuclear en 
ergy held at the Massachusetts Inst. 


tute of Technology in October 1946.] 
The purpose of the book is to explain] 


the fundamentals of  chain-reacting 


systems to non-specialists, particularly] 


engineers interested in the industrial 
applications of nuclear energy. The 
thirteen authors who contributed the 
individual sections of the book have 
drawn on existing nuclear literature 
for their material. 
The first portion gives the fund 
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l 
TYPE 304 I 
.. for general I 
all-purpose use. 
Widely used as I 
sanitary tubing, I STAINLESS ST 
and in heat ex- i 
changers, con- | 
densers and evaporators in dairy, 
food and process industry applica- I 
tions. Suitable for high temperature | 
(1600°F.) applications in which at- | 
mospheres are only mildly corrosive. 
i 
? 
ot z TYPE 316 
f aet ... also for general 
ae : * all-purpose use, 
H ty : in which greater 
p corrosion-resis- 
Hr tance than that 


provided by Type 
304 is desirable. Addition of 2-3% 
molybdenum in this analysis pro- 
vides maximum corrosion resistance. 


l 
i 
; 
i 
TYPE 347 ] E 
—X ... for effective i 1; 
corrosion-resis- , 
tance at severe l ; Ld 7 
temperatures. A ! i 
basic 18-8 anal- i 
ysis plus colum- Y i 
bium, it generally is recommended i 
for operating temperatures of | m ( 
900-1600^F. . . . also for welded i i 
assemblies that cannot be annealed, 
but must withstand corrosive con- I 
ditions. Widely used for aircraft I 
and truck exhaust manifolds. f Pln are the three most commonly-used types of long- 
‘ lasting ELECTRUNITE Stainless Steel Tubing—each aimed 
to accomplish a specific corrosion-resistance objective 
OTHER TYPES : —all made of Republic ENDURO Stainless Steel. 
302 (for ornamental applications) I For applications requiring additional properties, there are 
3095 310 317 430 i numerous other types to meet the exact job requirements. 
i j 
í Republic's trained metallurgists are always ready to assist 
... these are but a few of the addi- p : * — f y 3 y 
tional types available to meet the ; you and furnish you with complete information about the 
exact requirements of each specific i many installation-proved advantages of ELECTRUNITE 
application. i Stainless Steel Tubing—in both pipe and tubing sizes. For 
i information about your special problem, write today to: 
0h SD Oe AS AD Oe ae ee ae ee REPUBLIC STEEL CORPORATION 


STEEL AND TUBES DIVISION e CLEVELAND 8, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


"6 uy $ rat OH 
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COST— cut in half 
PRODUCTION — doubled 


That's not an 
easy job to do 
when the com- 
pany is AL- 
READY USING 
RESISTANCE 
WELDING. 


1 PROJECTION 
WELD 


But . . . Pro- 
gressive Welder 
did it. . . by rec- 
ommending a 
minor change in 
five of the stamp- 
ings and projec- 
tion instead of 
spot welding. 





— 


1 PROJECTION 
WELD 


For the com- 
plete story, plus 
“How one Pro- 
gressive ma- 
chine pays the 
wages of 10 
operators,’ 
"Welding 14,- 
OOO turntables 
a day on 15. 
KVA," etc.... 






1 PROJECTION 
" WELD 


2-SPOTS 


1 PROJECTION 
WELD 


t RESISTANCE WELDING 
PICTORIAL #50 


Ask for it, today. 


PAYS 


— 
PROGRESSIVE 


WELDER COMPANY 


3050 E. OUTER DRIVE, DETROIT 12, U.S.A 


175 





























mentals of nuclear physics; the second 
discusses utilization of nuclear energy 
by the fission process; and the last 
portion, engineering problems involved 
in constructing suitable apparatus to 
contain, convert, and use the energy 
gotten from the chain-reacting pile. 

The authors admit gaps in the 
presentation due to security restric- 
tions or lack of knowledge. Also the 
notation of the various authors is not 
consistent. But, the presentation is 
logical and the subject stimulating. 

In addition to the text, which is 
offset printed in — type, 
the illustrations are well prepared. 
The whole appearance of the book in- 
vites attention. This attempt to 
interpret nuclear energy for engineers 
| is commendable. 


| The Science of Plastics, 
Volume I 


H. MARK and E. S. PROSKAUER. 632 
pages, 7 x 10 in. Published by Inter- 
science Publishers, 215 Fourth Ave., 
New York 3, N.Y. $9. 


This is a source of research and pat- 
ent data on the properties of polymers 
of macromolecules in solution, and 
the mechanism of polymeric reactions. 
The book consists of detailed abstracts 
from all the important technical jour- 
nals from 1942 to 1946, inclusive. The 
abstracts are well indexed and are 


amply illustrated with tables, curves | 


and diagrams. 
Volume I is divided into four chap- 


ters covering the following subjects: | 


Properties and evaluation; physical 
chemistry; reaction kinetics; and tech- 
nology. 


Corrosion Handbook 


HERBERT H. UHLIG, Editor, Associate 
Professor of Metallurgy in charge of 
the corrosion laboratory, Massachusetts 
Institute of Technology. 1188 pages, 
6 x 9 in. Published by John Wiley & 
Sons, Inc., 440 Fourth Ave., New 
York 16, N.Y. $12. 


This volume, a project of the Elec- 
trochemical Society, was made possible 
through the cooperation of over one 
hundred contributors, all men of rec- 
ognized high standing in their respec- 
tive fields. 

The handbook is a condensed sum- 
mary of corrosion information and in- 
cludes within its scope a cross-section 
of scientific data «i industrial expe- 
| rience. The discussion is primarily 
| concerned with corrosion protection, 

and the behavior of metals and alloys 
| in ordinary and elevated ambient tem- 

eratures. Some chapters are devoted 
ess prominently to current theories 
| of corrosion and to corrosion testing. 
| Emphasis throughout the book is on 


| 





CONFORMS 


AND BOOTH 
AGAIN AND AGAIN! 


Yes, Booth meets specifications fo 


cut felt parts precisely... often to tol 
erances usually associated only wit 
metals. On re-orders, felt parts are 
duplicated exactly. 

We're specialists in uniformity o 
grade and cutting . . . and your order 
small or large, receives our interested 


attention. 
* 


APPLICATION CHART AND 
SAMPLE KIT...contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 


HE BOOTH FELT COMPAN 


75 19th Street Brooklyn 15, N. Y 
736 Sherman Street Chicago 5, ll 


^ 
IDe 


PRECISION CUT 
FELT PARTS 
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VACUUM 
CLEANERS 


FOR HOME APPLIANCES 


Life is easier and happier for the homemaker than ever be- 
fore. America’s manufacturers have made it so. Into today’s 
home appliances they have designed and engineered time 
and labor-saving convenience, money-saving thrift, comfort 
OU and luxury. And Reynolds Wire Cloth has been of great help 
i in building in these features. Give your products the better 
performance that appeals to users, and protect your reputa- - 
WIRE tion with Reynolds dependable wire cloth. Ask Reynolds 
;CLOTH engineers how. Consultation involves no obligation. 


REYNOLDS WIRE co. 


PtAON; JELINGIS 306 
E 
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3 EXTRA CARLOADS A 
MONTH SHIPPED OUT 


That's what happened when a manufacturer 
of kitchen cabinets scrapped old methods and adopted a streamlined 
packaging procedure built around the ease and speed of “SCOTCH” 
Tape application. 


HESE ADVANTAGES PAID OFF: 

The pressure-sensitive adhesive of "SCOTCH" Extra Strength Tape grabs and holds 
the instant it is applied Requires no preliminary moistening or special equipment to 
activate the adhesive. 


I 


f} “SCOTCH” Extra Strength Tape holds securely; will not slip or creep. Its aggressive 
adhesive anchors firmly to the paper, regardless of weather conditions. 


^) “SCOTCH” Extra Strength Tape is strong. A tensile strength of 50 pounds per inch 
*J « of width, together with high abrasion resistance, reinforce the package during ship- 
ment and handling. 


Streamline your packaging; break the packaging 
bottleneck; insure thorough protection for your product by sealing and reinforcing with 
"SCOTCH" Extra Strength Tape. A "SCOTCH" TAPE field engineer will call at a word 
from you and give you the benefit of his wide experience. Why not drop us a line today? 


SCOTCH 
a> Ti Chi gih TAPE M 
ANOTHER Q PRODUCT 








quantitative information. Actual cor- 
rosion rates are listed for precisely 
defined exposure conditions. 

In addition to serving as an authori- 
tative reference, it is hoped that this 
book will stimulate experimental work 
to fill the gaps made evident by the 
correlation and classification of data 
as presented. 

The book is divided into nine main 
sections: Corrosion theory, corrosion 
in liquid media, the atmosphere, and 
gases; special topics in corrosion; 
high-temperature corrosion; high-tem- 
perature resistant materials; chemical 
resistant materials; corrosion protec- 
tion; corrosion testing; and miscella. 
neous information. 




















Plywood What it Is— 
What it Does 

Louis H. MEYER. 250 pages, 6} x 94 
in. Published by McGraw-Hill Book 
Co., 330 W. 42nd St., New York 18, 
N. Y. $5.50. 

















A new approach to the subject, this 
book explains the possibilities offered 
by plywood for revising and improving 
established structural forms. Physical 
properties and end uses of plywood 
are covered, as well as a number 
of plywood-base laminates. Specifica- 
tion information on their composition, 
structural elements and mechanical 
characteristics, is given. 

Included also is a comprehensive 
report on the various bonding agents 
that form a highly critical element of 
plywood composition and application. 
In addition, basic engineering data 
are offered for the species of wood 
most frequently utilized in the man- 
ufacture of plywood. 




























Torque Converters or Transmissions 


P. M. Hzrrpr. Third Edition. 458 
pages, 84 x 51 in. Published by P. M. 
Heldt, Nyack, N.Y. 36. 


Wartime refinement of the hydro- 
kinetic transmission and postwar ac- 
tivity in mechanical engineering has 
stimulated engineering interest in the 
study of all types of torque converters 
or transmissions for internal combus- 
tion engines. To meet the demand 
for up-to-date transmission data, Mr. 
Heldt has completely revised the 
earlier edition of his book and has 
added material on hydro-kinetic torque 
converters and automatic stepped trans- 
missions. 

The book is intended for design 
engineers and relies on a thorough de 
scription of transmission types rather 
than a theoretical treatment of the 
subject. The text, buttressed with ? 
number of excellent illustrations, 
makes this book a valuable reference 
work for the mechanical engineer. 
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. o o THE DECIDING FACTORS 


cdd MADISON-KIPP ALUMINUM 


DIE CASTINGS ARE: 


No. 1. Sales Appeal 
No. 2. High Production Potential 


@ The die casting illustrated is a hoop for 
hoop rolling by children. Hoops made by 
all other processes were eliminated because 
\ none could offer the eye appeal, which 
\ translates into sales appeal and sales, that 


is offered by the die casting process. 


This example may have some significance 
in some of your problems. 
When you have die casting requirements, 


please address your inquiries to the home 
office in Madison. 


“Our SOth Year’ 
MADISON-KIPP CORPORATION 


206 WAUBESA STREET, MADISON 4, WISCONSIN, U. S.A. 
ANCIENS ATELIERS GASQUY, 31 Rue du Marias, Brussels, Belgium, sole agents for 
Belgium, Holland, France, and Switzerland. 


WM. COULTHARD & CO. Lid., Carlisle, England, sole agents for England, most European 
countries, India, Australia, and New Zealand. 
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COUPLINGS 





Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 
rubber or grids to drive. All 
power is transmitted by di- 
rect pull. 


The standard 
ün line of Thomas 
i) Couplings meets 
VJ practically all 

requirements. 
But if unusual 
conditions exist 


P- ; we are equipped 
| 


j 
y 


to engineer and 
build special 
couplings. 


PATENTED 
FLEXIBLE 
DISCS 
















THE THOMAS PRINCIPLE 
GUARANTEES PERFECT 
BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 


Write for New Engineering Catalog 


THOMAS FLEXIBLE 


COUPLING CO. 





WARREN, PENNSYLVANIA. 







OUR 
READERS 
SAY 


Unfinished Business 


To the Editor: 
The article "Effect of Rib Propor- 


| tions on Beam Bending Strength" by 
| Professor A. R. Holowenko in the 


December issue of Propucr ENGI- 
NEERING is somewhat misleading. The 
reader is lead to believe that the anal- 
ysis given is applicable for sections 
subjected to vertical loads. This im- 
plication is not true for the cross sec- 
tion shown in Fig. 1 because the 
flexural formula S = M c/I is valid 
only when the neutral axis is one of 
the principal axes of the cross sec- | 
tion. Since the cross section shown in | 
Fig. 1 does not have an axis of sym- 
metry, the location of the principal 
axes is not evident by inspection. It | 
may be shown that the principal axes 
will be inclined. Hence, if this sec- | 
tion is subjected to a moment lying | 
in a vertical plane, the neutral axis will 
be inclined instead of horizontal as 
shown, and the maximum stress will | 
occur at one of the corners instead of | 
occurring all the way across the top | 
of the cross section. The maximum 





| stress may be much larger than the | 


| best summary of the subject I have | 


stress as computed by the formula. 
The other cross sections analyzed 
have either horizontal or vertical axes 
of symmetry and the analysis is ap- 
plicable, assuming that the moment 
lies in a vertical plane. 
—GLENN MURPHY 


Professor of T. & A. M. 
Iowa State College | 
Ed.: A more detailed explanation of | 
what actually — in the ribbed 
sections subjected to a bending mo- | 
ment should have been included. The | 
analysis was definitely over-simplified. | 
We appreciate your calling us on this 
point. 


Complete Bibliographies 
To the Editor: 


Congratulations on your article 
"Peacetime Benefits for Military Re- 
search" in the January issue of PrOD- 
UCT ENGINEERING. It is certainly the 


seen to date. 

As you know, the Office of Techni- | 
cal Services is the official agency for | 
the "declassification" and dissemina- | 
tion of reports of government scienti- 

















ran have 





a Fastener 


Need... 

















































that's suitable 


or 


Production... 


to Volume 






It may pay you to let 
our Design Engineers 


have a 


a & 


hand in it. 





They have helped 






many 


manufacturers 








* CUT COSTS 
* SPEED PRODUCTION 


* TURN OUT FINER 
FINISHED PRODUCTS 





UNITED -CARR 
FASTENER CoP 


TTL 























ASSA 





E 





—W 

















MAKERS O 









Propuct ENcINEERING — May, 1948 


A 80RG wanna 


THAT REDUCES MAINTENANCE AND OPERATING COSTS 


Whether your problem is to unload coal trucks outdoors 
(as illustrated) or convey crushed stone or other ma- 
terials indoors, this Pesco hydraulic system will do the 
job more efficiently, with less wear and maintenance 
expense than other systems. 

Totally enclosed, there are no working parts exposed 
to outdoor elements or indoor dust and dirt. No lubri- 
cation is needed. The system cannot be damaged by 
overloads. And because of the flexibility of installation 
which requires that only the fist-size hydraulic motor 
be a part of the conveyor the Pesco hydraulic system is 
particularly adapted to conveyors where space is limited. 
Speed reduction is easily accomplished without compli- 
cated, bulky equipment. 

The Pesco hydraulic system consists of: 

PUMP—the famous Pesco hydraulic pump that features 


“Pressure Loading” . . . high over-all efficiencies . . . 
automatic take-up for wear . . . long, trouble-free life. 
MOTOR—the Pesco hydraulic motor that is non-stalling 
. . « features 90 percent starting efficiency ... and has 
minimum service requirements. 

VALVE—the Pesco control valve regulates conveyor speed 
. . . insures selected belt speed regardless of variations 
in load or pump speed . . . acts as a relief valve in case 
of overloads. 

There are many additional outstanding features of 
this Pesco hydraulic system. All units are available in a 
wide range of sizes to meet all requirements. For com- 
plete information regarding use of the system for truck 
unloading conveyors or for permanent outdoor or in- 
door conveying systems, write today to Department 
10-5. There is no obligation whatsoever for this service. 
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11610 Euclid Ave. 
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Cleveland 6, Ohio 
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Reg. U.S.Pat Off 


The completely scientific production of HOLTITE screws, bolts and allied 
fastenings is closely supervised through every operation by our skilled Engineering 
Staff. From the analysis of raw material to the final hardening, heat-treating and 
finishing every operation is meticulously checked and inspected by the latest 
scientific devices. Modern comparators throughout the production line supplement 
inspection devices to insure absolute precis’ òn. 

Aided by special research in extensive chemical and metallurgical labora- 
tories, our engineers are constantly improving methods, equipment and products 
to provide users with the most rugged, uniform and accurate fastenings science can 
devise. 

HOLTITE Engineered Fastenings effect tighter, stronger, vibration-defying 
assemblies with cost-cutting efficiency. Select your next requirements from HOL- 
TITE'S complete line . . . your time study records will prove the wisdom of their 
continued use. 


Y 


^ New Bedford. 
e Mass. USA 











fic and technical research. Upon read. 
ing your article I was curious ag tp 
what materials we had in our files og 
the developments you mentioned. 

To cite just a few examples, we 
have over 1,000 reports on anti- 
malarials, 300 on insecticides and 
rodenticides, 450 on welding ele. 
trodes, 150 on proximity fuzes, 29 
on silica gel, 1,500 on radar develo 
ments, 125 on tropical deterioration, 
25 on printed electronic circuits, 1,500 
on vacuum tubes, and similar quan. 
tities on other developments you 
describe. 

If you or any of your readers are 
interested in following up "leads" 
from the article, our facilities are 
designed for just such service. 

—)]. C. GREEN 

Director Office of Technical Services 
Department of Commerce 
Ed.: We're glad to find we covered 
subjects on which there is so much 
additional information available to 


| our readers. 


Coiled Sheet Aluminum 


To the Editor: 
In the Progress in Review Section 


| of your February issue, there is a ver 


interesting article on the prospects of 
shortages of materials. The first ex- 
ample discusses coiled sheet aluminum, 
What companies would be in a posi 
tion to supply 4,000 to 10,000 Ib lots 


| of the 2S 3 hard grade of 0.020 in. 


thickness? Davin G. Way 
Wollaston, Mass. 
Ed.: Inquire of all three before you 
give up—Aluminum (Company of 
America, Permanente Metals Corp. and 
Reynolds Metals Co., Aluminum Di- 
vision. See their ads in February ProD- 
UCT ENGINEERING. 


Vibratory Cavitation 
Test Apparatus 


To the Editor: 

Mr. Beeching's article “Selecting 
Alloys to Resist Cavitation Erosion 
in the January PRopUCT ENGINEER 
ING was of particular interest. 

I have been approached by a local 
firm to make a vibratory test apparatus 


| exactly as outlined in this article. Us 


fortunately, this firm could not give 
me a clear picture of what was ré 
quired in the way of watts drivin 
power, frequency, etc. I have locat 
the initial article in the ASME Trans 
actions which quote a frequency 0 
6,700 cps and an amplitude of 0.09 
mm. Could you help me by supply 
ing some additional information? . 

Is the frequency of 6,700 cps crit 
cal, or is it just something that w 
chosen to do the job? When th 


i 
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CUSTOM MADE 
For EVERY NEED 


For best results, get in touch 
with Sewall engineers while 
your product is still on the 
drawing board. Close toler- 
ances are efficiently maintain- 
ed in the production of racks... 
sprockets...spur...spiral... 
bevel .. . Zerol bevel ... worm 
gears. We furnish prompt esti- 
mates on any quantity. 


E. B. SEWALL MANUFACTURING "m 
— — i 





INCREASE YOUR STRAIN GAGE TEST EFFICIENCY 


BY USING A 


MODEL 302 
BRIDGE BALANCER 


WITH YOUR 


SINGLE 
CHANNEL 


STRAIN 
INDICATOR 





* Accommodates 24 strain gages * Heavy silver switch contacts 
* Zero balance for each gage * Weighs only eleven pounds 


Write today for complete information on this instrument. 
Engineering Services Available: 


Static and Dynamic Strain Gage Measurements 
Stress Analysis 
Mechanical and Industrial Electronic Development and Design 


ANDERSON-FLUKE (T ENGINEERING CO. 
SPRINGDALE, CONN. 
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amplitude is stated as 0.09 mm, doe 
this mean a total travel of 0.09 mm 
i.e. a total displacement from mini. 
mum length to maximum length oí 
0.09 mm? In electrical terminology, 
the amplitude of a 110 v curren 
source will be 150 v, with a total 
displacement of 300 v, from peak to 
peak. How does this compare with 
M. E. terminology? 

I have been unable to locate any 
data on the proper alternating and 
polarizing flux density to use for this 
apparatus. Would you have any. 
thing available? 

About how many watts will be te. 
quired to drive a 3 in. diameter plug 
through water when there is severe 
cavitation?—-Harry H. SCHWARTZ 

Professional Engineer 

Montreal, Canada 
Ed.: Author Beeching's reply to Mr. 
Schwartz is abstracted as follows: 

“You ask first about the amplitude 
and frequency of tube vibration. 
Neither of these is critical, but the 
intensity of erosion is increased as 
either frequency or amplitude is in- 
creased, and both depend upon the 
characteristics of the nickel tube as 
well as upon the feed from the H. F 
coil. 

The frequency of vibration is de- 
termined by the expression: 


i cle 
Frequency = 2L 1 
p 


where L = length of tube 
> = Young’s Modulus for nickel 
p = density of nickel 
Thus, for my own set, with a tube 
length of about 26 cm, the frequeng 
was 9,000 cps. Other frequencies 
can be used equally well, however, al. 
though a tube about 26 cm is a con- 
venient length to mount and handle 
Also, the audibility of 9,000 cps is 
low enough to cause little irritation 
to people working near the set. 

The amplitude of vibration depends 
upon the polarizing field, power input 
and damping in the tube system. This 
damping arises from elastic hysteresis 
in the tube, eddy current losses, cool. 
ing water in the tube, and the dissipa: 
tion of energy in the test liquid. Of 
these factors, the loss due to elastic 
hysteresis is an important one, and the 
nickel tube should be hard drawn, to 
reduce this effect to a minimum. 

Due to the heating caused by hy* 
teresis and eddy currents, the tube very 
rapidly heats to the Curie point where 
vibration ceases. To prevent this, i! 
is necessary to cool the top in such 4 
way that the water flows in a helical 
path down the inside of the tube. The 
water is then withdrawn by a small 
diameter axial glass tube connected to 
a suction pump. 

Because of the losses referred t 
above, it is difficult to say what pat: 
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the Dependable Metals 


sand Gone 


ODERN engineering research is con- 
stantly finding new uses for the " Metals of 
the Ages”... cast Brass and Bronze. From 
tiny gear wheels in washing machines to mas- 
sive gears in heavy machinery... for plumb- 
ing fixtures, hardware, pump parts, bearings, 
bushings, valves . . . these alloys of copper 


serve the engineer as nothing else will. 


Wherever high strength and freedom from 
corrosion count ...and where non-magnetic 
qualities must be combined with them 


brass and bronze provide the answer. 


Architects and designers, too, rely on castings 


of these warm, rich metals ...to build beauty 


and character into their creations. 


You can get Brass and Bronze castings NOW! 
t m 


The Brass and Bronze Ingot 

Institute (formerly Non-Ferrous 

Ingot Metal Institute) suggests 

your local foundry for help with 
all casting problems. 
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THESE BABBITTED SHIMS, combining babbitt 
flugs with the adjustable precision thick- 
ness of the “solid” LAMINUM shim, allow 
complete take-up to tolerance. With as- 
surance of seal against oil and pressure 
loss. No miking, filing or grinding... 
peel with a jackknife. 

LAMINUM, the “solid” shims of pre- 
cision brass or steel laminations that peel 


for adjustment, are stamped by us to 
your specifications. 


Our engineers will send you data and application 
chart and advise you on the use of babbitted shims. 


Laminated Shim Company, Inc., Glenbrook, Conn. 
3034 


AMINU. 


THE SOLIO SHIM THAT Ie FOR 
ADJUSTMENT 


if 





of the total energy input is used in 
causing cavitation, but I normally 
worked with an H.F. coil output of 
350 watts. 

The exact amplitude of vibration 
is not important, so long as it is 
enough to give the required ra idity 
of erosion. A very good way of cull 
trolling amplitude is to put a fourth 
coil around the tube at a fixed posi- 
tion near one end and to observe the 
induced current, which should always 
be the same. 

To answer your specific question, 
an amplitude stated as 0.09 mm means 
oscillation within extreme limits of 
0.09 mm at one end of the tube. 

With regard to your questions about 
polarizing and alternating flux densi- 
ties, I think these can best be answered 
in the following way. With my set, 
the polarizing field was provided by 
a coil of about 1,000 turns of 18 s.w.g. 
copper wire carrying a current of 10 
amp, while the alternating field was 
produced by a coil of about 800 turns 
carrying an H.F. current of about the 
same magnitude. The feed-back coil 
had about 600 turns of 24 s.w.g. cop- 
per wire. Wire for all coils was 
asbestos covered, and coils were im- 
pregnated with Bakelite varnish. 
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For your further information, I en- 
close a circuit diagram of the set. You 
will see that the circuit arrangement 
is very simple. It consists, essentially, 
of a power pack capable of giving 4 
smoothed d-c output of 1 amp at 
2.500 v, a triode oscillator tube of 
about 450 watts output, and a tuned 
circuit of which the output coil 1s 
about 0.015 milli-henries, so that 4 
tuning condenser capable of variation 
around 0.015 micro-farads permits 
tuning of the circuit to the 9,000 cps 
natural frequency of the tube." 
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